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PREFACE 


This book has grown from courses of lectures delivered at 
the Institute of Archaeology of the University of London, and 
from a number of occasional lectures given at several colleges 
and to learned societies. It represents a first, and necessarily 
inadequate, attempt to combine the very diverse methods of 
dating the past into one discipline, geochronology. 

Geochronology is a very young branch of science, which 
draws its methods from geology, botany, zoology, and physics. 
Its chief objective, the development of time-scales in years 
which extend back into the distant past beyond the historical 
calendar, binds the different methods together, but since they 
have been developed by specialists in their respective fields, 
the common aim is frequently overlooked, and cross-checking 
of results obtained by different means is often sadly neglected. 

The chief field of application of geochronology is in pre- 
historic archaeology and human palaeontology. The evolution 
of man, both from the anthropological and the cultural points 
of view, cannot be understood properly unless the time element 
is introduced. The major portion of this book, therefore, has 
been written with special regard to archaeology. 

The second field of application of geochronology, closely 
tied to the first by the problem of the evolution of man, is that 
of biological evolution in relation to time. In order to draw 
attention to this matter, a separate chapter has been devoted 
to it. 

There are, of course, many other fields of application of 
geochronology, in geology and geophysics, some of which are 
outlined, in a sketchy manner, in Chapter XI. 

It is clear that the great diversity of the material dealt with 
in this book renders an even and impartial treatment impossible. 
The author himself has worked chiefly on the climatic phases 
of the Pleistocene and the chronology of the Palaeolithic, and 
the chapters describing and discussing this matter naturally 
contain a fair amount of original work, while the other chapters 
(except that on biological evolution) are mainly the result of 
careful compilation. No doubt errors wiU have crept in in some 
places, though I hope I have always been cautious in trusting 
to good authorities. I shall be grateful for any mistakes 
pointed out to me. 
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In view of the newness of the subject it has been necessary 
to describe in some detail part of the actual evidence. Though 
this might render reading less easy, such disadvantage is, I 
believe, far outweighed by the increased usefulness of the book 
ns a work of referenee. 

For the same reason, ample bibliographies have been pro- 
vided, comprising in all about G50 books and papers written in 
15 different languages. The bibliographies cannot be complete, 
cspccinlh’ since great difficulties have been encountered in the 
looking-up, checking, and completing of the references under 
the present war-time conditions. This must also have caused 
me to neglect or omit many an important publication. I 
tender my apologies to authors of such works and wish to 
emphasize that omission docs not mean that their work has 
been regarded ns unimportant. Again, I should be grateful if 
faults of this kind be pointed out to me. 

The general reader who is not interested in the special 
evidence given in some of the chapters will nevertheless be 
able to profit from the book by concentrating on the numerous 
general sections and summaries. The plates have been pre- 
pared chiefly for the benefit of the reader who is little nequninted 
with the kind of evidence used in dating, and elaborate explana- 
tions of the figures have been provided which, it is hoped, will 
make the photographs intelligible. 

The chronological results have been summarized in numerous 
tables, a list of which is given on page xi.x. 

In the course of the preparation of this book, which has 
taken the best part of seven years, I have received invaluable 
advice and assistance from many quarters, friends, and col- 
leagues, as well as institutions, while travelling, carrying out 
field-work, and preparing the manuscript. It is impossible to 
thank them each individually, which docs not render my grati- 
tude less profound. Only some of the most conspicuous helpers 
can be mentioned here. 

First and foremost I owe a great debt to those who read the 
whole or part of the manuscript, above all to my friend, 
Mr. Day Kimball, who undertook this labour t^vice over and 
with whom I have discussed every major problem involved. 
Ilis invaluable constructive criticism, enjoyed at all stages in 
the preparation of the book, has substantially contributed to 
the improvement of its form and contents. Tlie whole or part 
of the manuscript was further read by, and many valuable 
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suggestions received from, Messrs. P. G. H. Boswell, V. Gordon 
Childe, W. N. Edwards, A. Holmes, E. V. Rieu, B. P. Uvarov, 
and Misses D. M. A. Bate, M. Eates, and D. A, E. Garrod. If 
this book has any merits at all, they are no doubt largely due 
to the kind assistance these friends and colleagues have given 
me in the most unselfish manner. 

An enormous amount of information was willingly supplied 
and guidance provided on travels, often with a considerable 
sacrifice of valuable time; material for figures was secured 
and technical help given in the preparation of the book, by the 
following ladies and gentlemen : Messrs. A. L. Armstrong 
(Warrington), E. Bailey (London), S. Barral (Monaco), A. C. 
Blanc and G. A. Blanc (Viareggio), L. C. W. Bonacina (London), 
!Mrs. A. Bowler-Kelley (Paris), H. Breuil (formerly Paris, at 
present Johannesburg, South Africa), J. P. T. BurcheU (London), 
Miles C. Burkitt (Cambridge), J. G. D. Clark (Cambridge), 
S. Corbet (London), L. Davidaschvili (Moscow), Miss T. Edinger, 
(Harvard), S. R. K. Glanville (London), H. Godwin (Cambridge), 
E. F. Guiton (St. Hdlier), M. A. C. Hinton (London), A. T. 
Hopwood (London), S. A. Huzay3dn (formerly Alexandria, now 
London), Miss M. Johnston (Kew Gardens), Harper Kelley 
(Paris), A. S. Kennard (London), W. B. R. King (Cambridge), 
L. Knopp (Rybnik), M. Labande (Monaco), A. C. Lane (Har- 
vard), F. Lorenzi (Grimaldi), C. van Riet Lowe (Johannesburg), 
G. Mircink (Moscow), the late J. Reid Moir (Ipswich), S. Morris 
(London), A. E. Mourant (St. Helier), the late J. R. Norman 
(London), K. P. Oakley (London), C. D. Ovey (London), 
W. C. Pei (Peking), A. S. Romer (Harvard), P. E. Stasi (Castro 
Marina), W. Szafer (ICrakow), G. Talbot (London), D. V. Tcher- 
navin (London), H. Dighton Thomas (London), A. du Toit (Cape 
Town), Miss Z. Waloff (London), D. M. S. Watson (London), 
E. J. Wayland (Gaberones, Bechuanaland), F. Weidenreich 
(New York), R. E. M. Wheeler (formerly London, now New 
Delhi), B. Zaborski (Krakow), B. F. Zemlyakoff (Leningrad), 
Mrs. I. H. Zeuner (Kew Gardens). 

I would like to record my sincere gratitude to all of them, 
as well as to the many unnamed friends who have helped me 
in the same manner. 

Finally, my grateful thanks are due to the foUoTOng institu- 
tions who have supported me in various ways, chiefly in con- 
nexion with expeditions : The Leverhulme Trust of the London 
Museum, the Institute of Archaeology of the University of 
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London, the Societc Jcrsiaisc, St. IKIicr, Jersey, nnd to the 
Department of Geology of the British Museum (Natural History) 
for its hospitality, since the Institute of Archacologj’ had to be 
closed down as a result of the war. 

The Brazilian Embassy, the British Museum (Natural 
History), the British Standards Corporation, London, the Ray 
Society, the Roy.al Entomological Society of London, the 
Prehistoric Society, the Geological Magazine, and Messrs. Thomas 
Nelson & Sons, Ltd., have kindlj* permitted me to reproduce 
certain figures. 

F. E. ZEUNER 

DHPAnTMEST OF GEOCIinOKOLOGY, 

UXnT.nSITY OF I.OKDOK INSTITUTE OF AUCIIAEOLOGY, 
INNER CIRCLE, REGENT’S PARK, LONDON, N.W'.l. 

Scplemhcr 1945 


PREFACE TO SECOND EDITION 

The first edition was written at a time when research was more or 
less at n standstill. Since then a rc-oricntation has taken place in 
several fields, especially varve analysis and radioactirity dating, nnd 
some of the evidence is in the melting-pot. The revision has thus 
been a difficult task, especially in view of the constant flow of new 
publications in all branches of geochronolog}-. It was completed in 
December 1948, but developments up to December 1949 have been 
referred to in the appendix so far as possible. As the type of the 
first edition was still standing, limitations of space have sometimes 
restricted the treatment of new methods and results, but I hope 
that this disadvantage is amply compensated for by the large number 
of new references to original sources, which have been added to the 
bibliography. The reconstructions of Pleistocene elephants (Plates 
XXIII-XXIV) have been replaced by new ones. 

I wish to record my deep gratitude to the many friends — too 
numerous for their names to be given — who have contributed to 
this edition by criticizing the old one and by supplying information. 
Jliss Joan Sheldon has sacrificed much of her spare time in the 
preparation of this new edition, and I am much indebted to her for 
licr unselfish assistance. No work of this kind can be without faults, 
and I shall be grateful to all readers who point out deficiencies or 
offer otlicr constructive criticism. 

F. E. Z. 

December 1949 



PREFACE TO THIRD EDITION 

An attempt has been made to include in this new edition of Dating 
the Past developments in the various branches of geochronology 
which have been published up to December 1951. As it was not 
always possible to allot adequate space to new developments the 
appendix has been revised and re-arranged completely and has 
become an important part of the book. In it can be found, apart 
from certain technical details, information on the most recent results 
of workers in the field as well as critical assessments of some work 
done. The perusal of the appendix, therefore, is highly recommended 
to all readers who intend to study the subject seriously. The 
bibliography, which has always been regarded as an important 
feature of the book, has been increased to 1117 references. 

As to the clironology of the Pleistocene and the Stone Age stages 
of early man, I have been fortunate in being able to visit a large 
number of sites and to carr}’’ out research on some of them. Personal 
acquaintance with other evidence has proved extremely useful, 
particularly in areas where climatic conditions differ from those of 
western Europe. East Africa, India and Morocco have been visited 
since the first edition was published and many sites have been 
studied in France and western Germany. 

The development of the radiocarbon method of dating has caused 
some difficulty in maintaining the original plan of the book. It 
applies to the Postglacial and late glacial periods and its results, 
therefore, have an important bearing on the material treated in 
Part II. But the method being based on radioactivity, it is more 
properly placed in Part IV in which the principles of radioactivity 
are discussed. This arrangement, although ‘ unchronological ’, has 
the advantage of giving the reader the background of knowledge 
required to appreciate the implications of this new method. 

Again I have to record my deep gratitude to all those friends who 
have helped by supplying valuable information and by criticizing 
the earlier editions. My gratitude is also due to those who have 
assisted me on jornneys and expeditions and to Miss J. Sheldon who 
has again sacrificed much of her spare time in the preparation of the 
new edition. Among those who have contributed in one way or 
another are : The Central Research Fund of London University, 
Director General of Archaeology in India, Director and staff of the 
Institut Scientifique Cherifien (Rabat, Morocco), Professor F. Firbas 
(Gottingen), Professor R. F. Flint (Yale University), Dr. L. S. B. 
Leakey (Nairobi), Dr. K. P. Oakley (London), C. D. Ovey (London), 
Professor H. D. Sankalia (Poona), J. Scott (Nairobi), Dr. J. Waeehter 
(London), Dr. P. Wernert (Strasbourg). 

ix 
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AUJjoiigli I have made an effort to rely on good authorities on!}', 
it is certain that errors wll be found in this new edition and I shall 
l>c grateful to all readers who will be good enough to point out any 
deficiencies discovered or offer other helpful suggestions. 

F. E. Z. 

VecnnliCT 1951 


PREFACE TO FOURTH EDITION 

Dating the Past has become n textbook for students of a wide 
variety of subjects. Tlie reader cannot be expected to cope with an 
even larger amount of technical matter than has already been incor- 
porated. On the other hand, evidence, especially new evidence, 
must be made available. Jluch use has therefore been made of the 
Appendix, and man}’ more references have been ineludcd in the 
Bibliography. The Appendix should be regarded as an essential 
part of the book. Many inconspicuous alterations liavc been made 
in the text, bringing it up to date. Regarding geological evidence 
for the chronology of the Pleistocene, it may be mentioned that a 
new edition of The Pleistocene Period will be published in the near 
future. 

The number of plates has been increased by the addition of 
several new reconstructions of extinct mammals. Those of the Irish 
Elk and the wild horses may be welcomed by archaeologists and 
biologists. The paintings were made in sepia and white to avoid 
photographic distortion of colour values. Models hn%’e been made 
also and are on view at the Institute of Archaeology. I wish to 
acknowledge my indebtedness to Miss JI. Maitland Howard, F.Z.S., 
for her patient and understanding co-operation in the work of 
rcconstniction. 

It is a pleasure to record my deep gratitude to the many friends 
who have again, directly and indirectly, contributed to tliis edition, 
and especially to Misses Joan Sheldon and Portia Wallace who have 
shouldered much of the burden of the technical preparation of this 
new edition. 

I shall be grateful to all who point out deficiencies or offer other 
helpful criticism. 

This edition has been brought up to date to December 1950, 

F. E. Z. 

July 1957 
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INTRODUCTION 


A thousand years in Thy sight are but as yesterday when it is 
past, and as a watch in the night . — ^psalm 90, v. 4. 


In these troubled times people are apt to say that the face of the 
earth is changing more rapidly than ever. If one confines such 
consideration to one’s own restricted world, it is certainly true to 
some extent, though less so if one applies it to nations and countries. 
History demonstrates how often periods of disturbance have swept 
over continents and how little permanent the effects of such storms 
often have proved to be. 

A storm might determine the weather of a day, but not the 
climate of a region. This comparison is well applicable to the 
stages of culture and civilization through which the peoples of 
the earth have passed. There were plenty of stormy periods, yet 
the Graeco-Roman culture, evolved more than 2,500 years ago, still 
provides the ground on which we build to-day. The Chinese culture 
is even older and still flourishes. 

Mankind’s cultural changes have, indeed, been comparatively 
slow and have to be measured in thousands of years, and in searching 
for the roots of the present-day cultures one has to go back to 
prehistoric times. History has the advantage of ■written records 
and of calendars which provide more or less reliable dates and therefore 
allow of estimating the duration of periods of evolution. For 
Prehistory, no calendars are available. Up to not many years ago, 
the time-scales suggested for the evolution of early man and his 
cultiu-es were pure guesses. From a scientific point of view they 
were worthless. Yet nobody can claim that the time-problem in 
the evolution of man is of little significance. The study of the 
remains of fossil man has revealed that the characters of the body 
have not remained constant since man appeared on the earth, and 
the study of cultural remains of early man shows that intelligence 
and mentality were subject to changes, that one group of man 
infiuenced the other and that new cultural units were developed on 
the ground of contact between different groups. 

It is of the utmost importance to learn about the time required 
for these processes. Modern man, indeed, experiments in these 
matters on a large scale, though rather unsystematically. The 
most remarkable case is that of the United States of America, 
where an increasingly homogeneous population is evolving from 
an extremely heterogeneous stock. But a few hundred years have 
sufficed to develop a distinct American cultme, and there are signs 
that a physically definable American race might ensue. 

1 
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The pnst could teach us much in respect of the rate of the evolu- 
tion of cultures and the consolidnUon of races, provided sufTicicntly 
reliable iime-fcales were available. It is only in recent years tlmt 
science has begun to fill this gap in our knowledge. Time-scales 
are now available for the entire period of man's established presence 
on the earth. One main purpose of the chapters avhich follow is 
to c.\'plnin the metliods cmplo\-cd in establishing time-scales for 
the prehistory of man. 

Man is but too inclined to regard liimsclf as the main figure 
on the earth’s face. The real face of the cartli is its landscape, 
determined by physiographical elements like elevation, relation to 
rivers, vegetation, animal life and, dominating all, by the climate. 
It is the environment of man. lie depends on it in every respect, 
ns regards food, clothing, housing ; in short the mode of life of a 
people is conditioned by its environment. Bcj'ond this — it is almost 
a commonplaec to mention it — environment exerts an immense 
influence on man’s mcntalit}*. 

Just ns man has himself changed in the course of time, so has 
his ensdronment, the changes being due to geological factors. The 
greater portion of Prehistory falls within the lee Age or Pleistocene, 
a period from which the earth has only just emerged. During this 
time, ice-caps were repeatedly formed in the polar and temperate 
regions of the earth and the climate cvcrj'wherc was profoundly 
affected. Several such periods of glaciation alternated with periods 
of a ‘ normal ’ climate resembling that of the present day. The 
man of the Old Stone Age adapted himself to these climatic fluctua- 
tions, and cs-idence shows that they were a first-rate stimulant for 
migrations as well ns for the advance of cisdlization and culture. 

Again the problem arises ns to how much time was required 
to bring about such and other changes in the environment. We 
now know that tens of thousands of years have to be used os a 
time-unit in tlic chronologj' of the lee Age. Several of the chapters 
which follow will describe how a time-scale has been arrived at, dating 
the cmdronmcntal changes which occurred during the lee Age. 

JIan is not known to have existed for any great length of time 
before the Ice Age began, but geological and palaeontological research 
have revealed that man’s period on earth is not more tlian the 
brief final episode in the long story of life on earth. Though the 
beginnings of life are as yet obscure, it is evident from the records 
preserved in the oldest knoivn geological deposits and in those 
formed subsequently, that an evolution took place, successively 
more highly organized tjqies of animals and plants appearing and 
replacing certain others which became c.xtinct. In many instances 
it has been established definitely that a certain species changed its 
characters and gradually became transformed into another. These 
changes obviously required considerable time. For the study of 
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the processes of evolution it is extremely important to know, if only 
approximately, how much time was required for such changes. 

In recent years the study of heredity has been greatly advanced 
by biologists, and much of the mechanism governing the changes 
in hereditary characters has been detected. The problem has arisen 
whether changes in the environment, such as climatic ones, affect 
and modify hereditary characters. The evidence contained in the 
geological deposits very strongly suggests that the species of life 
do respond to environmental changes. The time required for such 
response to become effective cannot be determined by means of 
experiments in the biological laboratory ; but the geologist, provided 
he can establish a reliable time-scale in years for the phases of the 
earth’s history, will be able to supply examples for the time-rate 
of evolution. It is obvious that such knowledge is almost basic 
for the understanding of the processes of life, including man. For 
this reason, the last three chapters of this book are dedicated to 
the time-scales of the distant geological past and their significance 
for the evolution of life. 

From the earliest phases of history onwards we meet with a 
desire to date the remote past, and estimates have been put forward 
for the age of the earth and of mankind in particular. Several 
calendars are based on assumed dates for the creation of the earth 
or for the appearance of man. The best known of these is the 
Jewish calendar which also is one of the shortest ; it counts 5,700 
years since the creation, though attempts have been made to correct 
this date. According to the version of the Bible used and to the 
system of calculation applied, results for the date of creation vary 
from 3616 to 6984 b.c. The ancient Greeks appear to have assumed 
a somewhat greater age, as Plato mentions that the Elysian Atalantis 
became submerged about 9,000 years before his time and that the 
Egyptian priests were acquainted with this figure. The Persians 
admitted 12,000 years for the age of mankind, and the Egyptian 
priests counted 341 generations, or about 10,000 years, between 
Menes and Sethon. 

Further east, however, long-range chronologies were in greater 
favour. Thus the Chaldeans of Mesopotamia allowed (in their time) 
473,000 years for the age of mankind, whilst they said the creation 
of the earth took place more than two million years ago. The 
Chinese, too, estimated the age of the world at several hundred 
thousand years. The longest chronology is that of the Hindu, 
according to which about 13 million years would have elapsed since 
the beginning of the Golden Age. 

All these chronologies are based on tradition and myth, and 
therefore are of no scientific value. It is remarkable that most of 
them make little or no distinction between the age of the earth 
and the age of mankind. Modern research has shown that the 
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earth Itad existed for an almost incomprehensibly long time before 
man appeared on it. Curiously enough the Chaldeans made that 
distinction, and tlicir estimate for the age of man is not so far from 
the correct figure. Yet, none of the early chronologers ever dared 
to put fonvard an age of the earth approximating the figure of 
8,000 million years now accepted by science os a minimum. 

ScicnUfic research, aiming at tltc establishment of a chronologj' 
in years for the long space of time before the records of histor}’' 
provide us with definite dates, has only just begun. Various methods 
liavc had to be applied in order to obtain data in j'cars for those 
times which arc called * pre ’-historic. These methods arc either 
biological or, predominantly, geological. 

As the historical calendar, so is the geological based on rhytlimic 
occurrences (cycles) of an astronomical character (day = rotation ; 
season = obliquity ; year = orbit). Only for very remote periods 
physical C3’clcs have to be emploj’cd, though in recent years the radio- 
carbon method has introduced them into the dating of the Postglacial 
period also. 

The most elementary cj’cle is the j’ear. The sunspot period 
of 11-4 j’cars is another cycle of short duration. Among the longer 
ones arc those of the precession of the equinoxes (21,000 years), 
the obliquitj' of the ecliptic (40,000 years) and the eccentricity 
of the earth’s orbit (92,000 years). Tlic longest cycles, or rather 
periods, employed, arc those of the decomposition of radioactive 
minerals, some of wliich arc counted in hundred thousands and 
millions of years. 

There are several geochronological methods, each capable of 
covering not more than a limited range of time. Fortunately’ one 
method can be applied successfully where the other fails, so that 
the absolute time-scales so far obtained cover the Postglacial pre- 
history of man in fair detail (measuring in centuries), the Old Stone 
Age (roughly equal to the Pleistocene or lee Age) in tens of thousands 
of j'cars, and the earlier geological periods in a more general way 
(measuring in millions of j’ears). Thus, a reasonable idea is con- 
veyed of the time required for the development of the physical 
features of the earth, for the evolution of life, and for the evolution 
of man and his successive cultural phases. 

The methods, wliich arc described in this book, arc the 
following : 

(1) Tree-ring analysis, relpng on the cycles of the year and 
the sunspots, covering historic and prehistoric phases, and extending 
over the last 8,000 years : Chapter I. 

(2) Vareed clay analysis, relying on the cydes of the year, the 
sunspots, and the precession of the equinoxes, covering the time 
from the end of the Palaeolithic to the Iron Age, and npply’ing 
mainly to the last 15,000 years ; Chapters II to IV. 
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(3) Radiocarbon method, rel3dng on the disintegration of Carbon 14 
in dead organic matter, and covering about 30,000 years : Chapter X. 

(4) ‘ Per cent, of equilibrium method relying on the radioactive 
disintegration of radium in deep-sea cores and covering about 
300,000 j’-ears : Chapter X. 

(5) Solar radiation method, relying on the cycles of the precession, 
obliquity and eccentricity, covering the Palaeolithic and the Ice 
Age, and extending over about 1 million years : Chapters V to IX. 

(6) Geological methods, based on estimated time-rates of sedimenta- 
tion, denudation, erosion, -weathering, and chemical changes in 
minerals and applied to all periods : mainly Chapter XI. 

(7) Uranium and other radioactivity methods, relying on the periods 
of decomposition of radioactive minerals, co-vering all geological 
formations previous to the appearance of man, and extending over 
about 3,000 million years : Chapters X and XI. 

The biological implications of these time-scales are discussed in 
Chapter XII. 

All these studies aiming at the establishment of absolute time- 
scales for the past are comprised by the term Geochronology. Geo- 
chronology literally means time-counting in relation to the earth 
and implies that counting in years is aimed at, as distinct from 
stratigraphy which is concerned -with the relative ages only. The 
term was introduced by H. S. Williams ^ in 1893 to designate studies 
in which the geological time-scale (in absolute time) is applied to 
the evolution of the earth and its inhabitants. Charles Schuchert ® 
interpreted it as the age of the earth on the basis of sediments and 
life. Both these definitions emphasize the close relationship of 
geochronology and stratigraphy, and in fact all the methods described 
in this book rely upon ‘ strata ’ of some sort. This applies to the 
counting of the annual growth-rings of trees as it does to the lava- 
beds investigated by the radioactivity method, which have to be 
defined in their position relative to sediments before the figure of 
age can be usefully interpreted. The term ‘ geochronology ’, there- 
fore, is employed here in a comprehensive sense, and not restricted 
to any particular method ; such as, for instance, de Geer’s chronology 
based on the annual layers produced by the meltwater of glaciers. 

Geochronology may thus be defined as the science of dating in 
terms of years those periods of the past to which the human his- 
torical calendar does not apply. It covers human prehistory as 
well as the whole of the geological past. 

' Williams, H. S., 1893. ‘ The Blements of the Geological Time-scale.’ — 
J. Geol., Chicago, 1, pp. 283-95. 

’ Schuchert, C., 1931. * Geochronology, or the Age of the Barth on the 
Basis of Sediments and Life.’— B hH. Nat. lies. Council, Washington, 80, pp. 10-64. 
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DATING EARLY HISTORY ^AND LATE PREniSTORY, 
ESPECLVLLY IN NORTH AJIERICA 
(Back to about 1000 b.c.) 

CnAPTER I 

DENDROCHRONOLOGY. OR TREE-RING ANALYSIS 

A. rniN'cirLEs of tree-risg akaia’sis 
llisionj and principles. Tlic first of t}ie clironologicnl methods to 
be described is generally called tree-ring anali/sis, and the branch of 
science dealing with it, dendrochronology. As a scientific method, 
it was conceived by Douglass in 1901, though the idea of using tree- 
rings for the dating of archaeological sites is old. As early as in 1811 
De Wilt Clinton, when examining the earthworks near Canandaigua, 
in the State of New York, counted the rings in the trees growing 
upon them and estimated that they were one thousand years old, 
and hence the work not of Europeans or present-day Indians, but 
of a prehistoric people. (Note (1), p. 400.) 

Modern dendrochronology is, of course, a matter verj' different 
from this early attempt. It has established a sort of calendar for 
the last two or three thousand years. Its results fall entirely within 
the historical periods of Europe and Asia ; but in North America 
where intelligible uTitten records arc not known before the end of 
the fifteenth century, this method leads back right into prehistoric 
times. It has been most successfully applied to the dating of 
prehistoric villagc.s in the south-western United States. 

Tree-ring analysis is based on a well-known structural feature 
of wood, namely the annual growth-rings. These are shown by 
trees growing in regions with regular seasonal changes of climate, 
i.c. regions where cither a dty^ and a wet season, or a mild and a 
frosty season, alternate. As a rule trees produce one ring every 
year. The annual ring is formed by the cambium which lies between 
the old wood and the bark. In spring or, more generally, when 
the growing season begins, sets of large, thinly-walled cells are added 
to the wood. As the season advances towards the end of the summer 
or of the wet season, the cells added to the wood become increasingly 
smaller and more thickly-walled, until the production of cells ceases 
entirely. In the following year this process is repeated, and a dis- 
tinct demarcation line is thus formed between the summer wood of 
the pre^dous year witli its small cells and the spring wood of the 
following year with its large cells (pi. I, fig. A). 

G 
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The growth-rings of each individual tree are not of the same 
thickness throughout. They vary for two reasons : 

(1) The thickness of the growth-rings varies with the age, the 
rings becoming narrower with the increasing age of the tree (pi. I, 
fig. B). The central rings, therefore, are always wider than the 
peripheric ones. 

(2) Superimposed on this normal variation in size of the rings 
is a variation caused by the inequalities of the climate from year 
to year (fig. 1). In years with unfavourable weather, for instance 
in years with abnormal periods of drought, abnormally narrow rings 
ate formed. On the other hand exceptionally broad tings will be 
produced in years with abundant supply of water and food, A curve 
reproducing the variation in a series of rings observed in the cross- 



formula i(a + 2b -}- c), a 6 c being three consecutive ring-rvidths. — After Antevs 
(1938). 

section of a tree, therefore, reproduces to some extent the variation 
of the local climate. It is on this fact that the applicability of 
tree-ring analysis to dating depends, since most trees of one area 
tend to exhibit similar variations in their ring-records. 

The properties of the growth-rings enable one to correlate with one 
another growth-rings of different trees of the same district (fig. 3) and 
to count backwards in years, correlating the inner rings of young trees 
with the outer rings of older trees. The method can be applied not 
only to trees of a certain wooded area but also to the timber derived 
from it and used by man in the construction of historic or prehistoric 
dwellings. In this way it has been possible to assign dates in years 
to a large number of prehistoric sites, chiefly in North America, 
Douglass, Schulman and others, in the course of their research, 
have worked out in great detail the method of tree-ring analysis. 
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They have standardized it and studied Uic ways of overcoming cer- 
tain difRculfics which will be discussed below. Recently, W. S. Clock 
(1037) lias summarized the fundamentals and the technique in his 
Priitctplrs and Methods of Trcc-rin'’ Aydysis, and good summaries 
arc by Ilanvood (1047), Dobbs (1051) and Huber (1948). Further 
interesting information may be obtained from the Tree-ring Rullctin. 

Collecting specimens. Samples have to be collected with care. 
Species of the plant, date of collceting, diameter, height of the sample 
above the root, topography of the locality, situation in respect to 
drainage lines, types of soil, bed rock and surrounding vegetation 
have to be noted. The most perfeet type of sample is, of course, 
a slice across the whole tree as near root-level ns possible, though 
root-buttresses have to be avoided. In view of the bulky nature of 
this kind of sample it is often nccessarj' to content oneself with 
a rectangular radial cut across the section, including the centre. 
V-shaped cuts arc still smaller and lighter than rectangular blocks. 
In recent years special borers have been introduced which enable 
the worker to extract from the tree long and thin eorcs which arc 
easily transported. 

Samples should not be taken from trees the roots of which have 
permanent access to water, since they arc more or less independent 
of the fluctuations of the climate and, therefore, do not exhibit 
sensitive rings (see p. 9). 

King examination. In the laboratory the specimens have to be 
prepared for e.xamination by smoothing the surface with a razor, 
or by polishing. Liquids may be used to render the rings more 
visible. The counting and rending of the ring sequence is carried 
out along a radius on which, for convenience, every tenth ring may 
be marked with a hole pricked into it with a pin. According to the 
method of Dr. Douglass, the variation in thickness of tlic rings is 
then plotted on co-ordinate paper (fig. 2). Rings of ordinary thick- 
ness are not marked on the plot but merely counted, ^vhilst rings 
which arc unusually thin as compared with their immediate neigh- 
bours, are noted by means of a vertical line which is the longer the 
thinner the ring is compared with its neighbours. Exceptionally 
broad rings are marked on the plot with a letter ' B ‘ BB ’, etc., 
according to their relative widths. 

The resulting plot is called a ‘ skeleton plot ’. It has the advan- 
tage of being independent of the decreasing average thickness of the 
rings with the increasing age of the tree. Moreover, it can be 
constructed without carrying out exact measurements and it there- 
fore is eminently suitable for field-work. Skeleton plots clearly 
show the occurrence and position of rings with unusual features, 
on which correlation work is based. 

For many purposes graphs giving the thickness of each ring in 
millimetres arc to be preferred. As an instance one of Dr. Antevs’s 
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plots is reproduced here (fig. 1). This kind is reminiscent of those 
used in the analysis of varved clays (see page 22). 

In the process of counting and reading a specimen certain diffi- 
culties occur. There are not only sequences of rings of approximately 
equal thickness (called complacent rings) and ring-sequences in which 
the width varies (called sensitive rings) but double rings also are 
sometimes observed and evidence may be found for the partial or 
total absence of others. 

Difficult rings. Occasionally, duplication of a ring may be 
observed which either extends round the entire circle or is restricted 
to a portion of it. It may be due to two reaUy independent rings 
l3dng close together, each of them representing one year. On the 
other hand an actual duplication may have taken place, the growth 


PUSH ONE YEAR BACK ■*- 



FIG. 2. — Tree-ring plots as used by Douglass. Normal rings are not marked 
but merely counted. A vertical line indicates a narrow ring ; the longer the 
line, the narrower the ring. ‘ B ’ indicates an unusually broad ring. 

A. — Rings of an Arizona Pine, between a.d. 1815 and 1885. 

B. — Rings of a tree from the same locality, with ring for a.d. 1857 missing. 
In specimen (A) this year is represented by a very narrow ring. 

Both diagrams based on Clock (1937, flg. 10). 

having stopped for a short time during the ordinary grooving season 
and having been resumed subsequently. It is obvious that such 
cases have to be cleared up before dating becomes possible, since 
one year more or less depends on them. It should be noted that 
such irregular rings are more frequent in hardwoods than in the soft 
(coniferous) woods used in the development of dendrochronology. 
Furthermore, the rings are not symmetrical all round the trimk. 
The counting should, therefore, be carried out on carefully selected 
material. This is perhaps feasible on Recent trunks, of which 
Weakly says that he found one in five or six usable. But Dobbs 
has rightly pointed out that when house timber, buried logs, etc., 
are used, selection has to be abandoned, and the chance of obtaining 
a reliable correlation between different trees is much diminished. 
This difficulty is unfortunately overlooked by some dendrochrono- 
logists who believe that the rings are a faithful picture of the climate, 
neglecting the local factors affecting growth. 
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Sometimes it happens that Uic rin^ of a certain year is entirely 
absent in the specimen under examination (fig. 2). The risk of miss- 
ing a ring is particuLarly great if only part of tlic wood section 
is available for examination, as often traces arc prcscrs‘cd in another 



FIG. 0. — Sclicmntic drawings of a series of ivood-BCctions, illustrating cross- 
dating, and how a clironological sequence is built up connecting prcliistoric 
timber srith modem trees. — aliased on Clock (1037, fig. 18). 


section of the ring-area. For this reason it is invariably preferable to 
investigate complete slices and to follow each ring round the entire 
circle. Absence of a ring is, of course, frequently revealed by 
comparison with another specimen, as shown in fig. 2. 
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Cross-dating. Having constructed a number of plots of individual 
trees one proceeds to ‘ cross-date ’ them. This is the term used by 
dendrochronologists for correlating the ring-series of one tree with 
that of another. The ring-series of an old tree overlaps to some 
extent with that of a younger tree, and the arrangement of narrow 
and wide rings enables one to identify certain sequences of years 
in the two specimens (fig. 3). Comparison of a large number of 
specimens helps to eliminate individual aberrations, and in the 
course of the work there crystallizes from the numerous individual 
plots a ‘ standard plot ’ which is typical of the region under investiga- 
tion. If curves of the kind shown in fig. 1 are used, corrections may 
have to be applied in order to eliminate the decrease in average 
thickness of the rings with increasing age of the tree (pi. I, fig. B.) 
Methods of correction have been designed by Antevs, Douglass, and 
Huntington. Occasionally the curves are smoothed out (fig. 1), 
a practice that has met with severe criticism, since it reduces the 
differences present in the original graphs. 

Research. Modern work on tree-rings is greatly concerned with 
the relation of tree-growth to climate, and it is done mostly on trees 
from living forests, the cutting date of which is known. It has 
confirmed that on the borders of the dry belts of the earth the trees 
may be regarded as natural gauges measuring precipitation and, less 
directly, the run-off of rivers (Schulman, IQ^S). But in subarctic 
regions, where the trees enjoy a constant water supply, the varying 
widths of the rings present a picture of fluctuations of summer 
temperature (Giddings, 1941). 

In regions with a humid-temperate climate, the ring-widths are 
the expression of a complex interplay of precipitation, temperature, 
and other factors. Yet, dendrochronology may well become a dating- 
method in such areas when other characters of the rings are used, 
apart from, or instead of, their width. For example, Dobbs (1942) has 
found th&t false rings (duplicated rings, p. 9) appear with remarkable 
constancy in the same years over a large part of southern England. 
Gladwin (1940) uses the deviation of individual rings from the mean 
width of a large number of rings. E. W. Jones advocates the use of 
growth-trends over periods of years. (See also Notes (2, 3), p. 400, 
p. 402.) 

It is essential that as many local chronologies as possible be estab- 
lished in the temperate zone, and this work is being pmrsued in the 
north-western United States and Canada (Schulman, 1947), Finland 
(Hustieh, 1947), Sweden (Ording, 1941), Norway (Hoeg, 1944), Ger- 
many (Huber, 1943, 1948), England (Dobbs, 1942 ; Jones, 1947 ; Low- 
ther, 1949) and elsewhere. The methods of dendrochronology have 
been elaborated in recent years by Douglass (1943), Gladwin (1940), 
Schulman (1947), Huber (1948, 19501, Dobbs (1951) and others. 
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B. DATTN'C OF rKEItlSTOniC SITES 

It is evident that for the purpose of dating not only recently 
felled trees have to be studied but older specimens also. Such may 
be procured from u-ood used as timber in houses or other structures, 
though it is essential tliat the provenance of this timber be the same 
as that of the Recent trees studied. Douglass, working on the pre* 
historic Indian Anllages in .jirizona, gradually extended his tree-ring 
scale from modem times to logs and beams in modem Indian villages. 
In many of these houses beams derived from ancient buildings had 
been used repeatedly, and a fair amount of early historic and pre- 
historic specimens were recovered in this way. These provided the 
required link with the actual prehistoric dwelling sites which thus 
could be dated in years (see pis. 11, A, B ; III, A, B). The earliest 
tree-rings obtained in this region date from about 1,000 years ago, 
or almost 1,500 j'cars before tlic Europeans began the conquest of 
America. An estimated tree-ring cluonology for this long space of 
time is being published by A. E. Douglass in the Tree-ring Bulletin. 
Most of the datable Indian villages, however, were built between 
about A.D. 1000 and the conquest. The scope of tree-ring dating 
is extending rapidly, and satisfactory dates for the arcliacological 
phases in the south-western United States go back to the fourth 
century. The following table summarizes the results so far obtained. 
It is based on a number of publications which have appeared in the 
Tree-ring Bulletin. As overlaps arc bound to occur, the dates have 
to be regarded as approximate. Those who arc interested in more 
accurate, though local, datings, will find them in the periodical just 
referred to. 


Dates for Indian dicclUng-siles. 


(Nomenclature nolxrts, 1030 ) 


rlune 

AiJproximalc year* A.D. 

Historic Pueblo 

P. 

V 

1700-1800 

Hcnaissancc Pueblo 

P. 

IV 

1300-1050 

Kegressive and Great Pueblo 

P. 

III 

1000-1300 (1350?) 

Developmental Pueblo < 

fP- 

LP- 

II 

I 

000-1100 

750-950 

Modified Basket JIakcr 

B. 

.M. Ill 

400-750 

B.askct Maker 

B. 

M. 11 

? ^00 

— 

B. 

.M. I 

? 


Dr. Douglass on the dating of Indian puchlos. This table sum- 
marizes the results of Douglass and his collaborators. As regards the 
actual work it is best to follow his own words as he describes the 
storj' of one of his discoveries which enabled liim to connect an 
undated but certainly verj' early ring-series from timber of pre- 
liistoric villages with the dated tree-ring series leading backwards 
from tlie present day to the times of the Spanish conquest.* 

*Tlic succeeding paragraphs follow closely Dr. Douglass’s report in the 
Geoitraphic Magazine, 1029 ; but the story has been shortened and niodiOcd so 
as to suit the subject-matter of tills chapter. 



18 


TREE-RING ANALYSIS 

Oraibi, a village near the Little Colorado River, has been regarded 
as the only present-day Hopi settlement continuously occupied since 
a period antedating the advent of the Spaniards in 1540. Many of 
its logs -were cut by stone axes and obviously are very old. Small 
chips taken off revealed the species of trees from which the logs 
were derived. Length also helped in the selection. Pre-Spanish 
beams are rarely more than eight feet long, Spanish beams are often 
much longer. They were salvaged by the Hopis when they destroyed 
the missions in 1680 and have been in use ever since. 

A rounded log from a ceremonial chamber gave the year 1475 
as its outermost ring, but there was some wear on the outside. It 
was cut about 1520. A specimen from Walpi gave 1490 as its cutting 
date. Ladder poles were more recent. One ladder showed one pole 
cut in 1570 and the other in 1720 which reveals a story of breakage 
and repair. 

Naturally Dr. Douglass wanted the oldest log. It was found 
in a part of Oraibi village which had been abandoned by the Indians 
in 1906. Difficult of access, in a room of one of the old houses, there 
was in the centre an upright post, not more than six inches in 
diameter, supporting the ceiling. It was partly flattened, and as 
it was holding up the floor of the room above, no cross-section could 
be taken, but its longer diameter was bored. The rings of this 
beam gave a superb series from 1260 to 1844. Allowing for wearing 
it was probably cut as early as a.d. 1370. 

Having made large collections from Oraibi Dr. Douglass thus 
found that the earliest cutting date was close to the year 1400, 
and with one or two exceptions no further pieces were found the 
inner rings of which began earlier than 1300. These pueblos, there- 
fore, were built about 1400. 

Thus it became clear that the available Hopi beams were not 
sufficiently old to link the historic sequence with the ring-records 
obtained before from the older, prehistoric sites. A survey was made, 
therefore, of the area known archaeologically to have been inhabited 
by the Hopis in pre-Spanish times. Fragments of pottery showed 
a sequence of development, and the relationship between the latter 
years of the prehistoric and the earlier years of the historic chrono- 
logies to the sequence of pottery types was established. 

Another \allage, Kawaiku, yielded further information. The 
first specimens from here were just pieces of charcoal, but some of 
them exhibited rings closely resembhng those between a.d. 1365 and 
1420. Certainty was finally obtained from a specimen of charcoal 
as big as a fist. Its rings gave a sequence from 1400 to 1468, and 
this established the correctness of all the other dates obtained else- 
where of the same period. Further specimens came to light and 
extended the sequence back to 1300 and forward to 1495, showing 
that no new dwellings were erected in this village for a short time 
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before the Spaniards reached the district in 1540. Tlicre ^vas ample 
evidence that Kawailni was occupier! Ixilh in the latter years of the 
prehistoric sequence and tlic earlier years of the historic chronologj*. 

Excavations at another place, Showlow, at last provided the 
final link lx:twccn the two sequences. It was found in a horizontal 
position and resembled an ordinary beam which had been burnt 
off at the end in the form of a cone. Its outer parts were at once 
recognized as belonging to the fourteenth century, rings being 
traceable nearly to a.D. 1380. The record it gave after 1800 was 
satisfactory, with no question remaining ns to the dating. Following 
its rings inward to the core there was the record of the ‘great 
drought Very small rings told of the hardships the tree had 
endured in 1299* and 1295, in 1288, 1280, 1283, and 1280. All these, 
and more, rings corroborated the diary' entries other logs had given. 
Even near the centre the rings of this specimen were clear and easily 
understood. The one at the very' core showed that this pine log 
began life in A.n. 1237, just ten years after the Sixth Crusade moved 
eastward to compel the Saracens to restore Jerusalem. 

The investigators felt that this was an exciting discovery which 
might prosndc the tic binding the prehistoric chronologj’ to the 
historic. 

Later that daj', by the use of Dr. Douglass’s skeleton plots, they 
began to determine whether the historical clironology, now extended 
back from 1200 to 1237 by the Showlow beam, might not overlap the 
prehistoric chronologj'. As the rings were studied the answer came. 
The ring that represented the 551st j'car of the prehistoric chronology 
matched perfectly with the ring for the j'car 1251 in this beam. 
This was a great surprise. There was no gap to be bridged ns 
liad been assumed ; the gap liad been closed without knowing it. 

The two clironologics had covered an overlapping period. But 
the rings of the prehistoric series which overlapped the historic 
at 12C0 had been gathered from such small fragments that Dr. 
Douglass had never been willing to accept their evidence. 

Difficulties encountered in dating ruins. Individual dated ring- 
series, liowever, arc no reliable cv'idcncc for the exact date of the 
ruin from which they were taken. It is necessary to make sure 
that the outermost ring prcsctv'cd was the last put on by the tree 
before it was felled ; if the beam is worn, one has to allow for an 
unknown number of missing rings. 

If the dated beams of a ruin arc compared, it is usually found 
that the felling dates cover a period of scv'eral, sometimes many, 
years. The difiicultics arising out of tliis have been discussed at 
some length by Roberts (1939). If the majority of beams yield dates 
vitliin a j'car or two, there is little doubt about the time of the 
erection of the building. Older beams are then regarded as material 
salvaged from earlier structures, and later beams as replacements. 
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Records of the Californian ‘ big trees \ It is natural that at an 
early date investigators of tree-rings cast an eye on the forests of 
the ‘ big trees Sequoia washingtoniana, found along the western 
slopes of the Sierra Nevada in California. These trees are not only 
the largest single organisms known at present to exist, but also 
— ^as tree-ring analysis has shown — the longest-lived. In 1911, 
Huntington began to study the rings of the Sequoia-trees, and he 
as well as Douglass have since done a great deal in interpreting 
the results of the countings. More recently, Antevs, an authority 
on varved clay analysis (see the following chapter), undertook a 
careful survey of the work so far done on Sequoia (Antevs, 1925). 
After the elimination of disturbing factors several climatic curves 
have thus been obtained for very nearly 8,250 years backwards, but 
it has as yet not been possible to use this evidence for direct dating 
of prehistoric sites or objects in North America. 

Tree-ring dating in Scandinavia. The Sequoia-carve has been 
applied, however, to date prehistoric sites far distant from California. 
Ebba Hult de Geer, collaborator of Gerard de Geer, the inventor of 
the varved-clay analysis (see p, 20), studied the growth-rings in the 
poles of a prehistoric water-fort found in Lake Tingstade Trask in 
Gotland (1935). She compared the ring-sequences with the Sequoia- 
curve of California and believes she has obtained satisfactory agree- 
ment in the records of the fifth and sixth centiuries a.d., at which 
time therefore the fort is considered to have been erected. E. H. 
de Geer has further studied wood from an earthwork in Romerike 
in southern Norway (1938). * Raknehaugen ’ is an artificial hill 
19 metres high and containing a large amount of timber. No burial 
has yet been found in it, but smaller barrows are mostly of Viking 
age, ninth to eleventh century. Four specimens of wood were 
obtained from it, the best providing a series of 66 years. The method 
of biennial maxima (amplified by triennial ones) was used in corre- 
lating this series with parts of the Sequoia from California, and of a 
varved-clay curve from Angermanland, Sweden. E. H. de Geer 
finds the agreement satisfactory (see Note (4), p. 402). 

Tree-ring time-scales. In all, well over one hundred ‘ chrono- 
logies ’ have been published. By far the longest is that of Sequoia 
from California. But the only one of great value to the prehistorian 
is that based on the Yellow Pine in the south-western United States. 
Partly vuth the help of material from caves containing remains of 
the Basket Makers it has been extended back to a.d. 11. Other 
chronologies are of interest for the climatologist, but may at any 
time assume significance in prehistory, as shown by the attempts at 
tree-ring dating recently made in northern Europe. 

Teleconnexion, This practice of correlating series of annual layers 
(tree-rings or clay-varves) over wide distances is called teleconnexion 
by G. de Geer and his fellow-workers. It will be discussed more 
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fully in the second clmptcr (p. 89), since much iniportnncc hns been 
nttnehed to it in respect of the interpretntion of clny-vnrvcs. Here 
it suffices to say that this practice has not met with general approval. 

C. CYCLES IK TREE-niKC SERIES 

Tcleconncxion is to some extent rendered possible by the occur- 
rence of cycles, or rhythmic variations, in the tree-ring curves. They 
arc caused by a more or less regular alternation of groups of relatively 
thick and relatively thin rings which obviously correspond to changes 
of certain external factors influencing the formation of wood. For 
many years Douglass has been particularly anxious to study the 
cycle phenomenon and he has obtained results the importance of 
which extends far bc3'ond the limited scope of tree-ring analysis 
as we shall see later on. 

Sunspol cycle and tree-rings. In some ring-records of trees from 
temperate Europe, where a fair amount of precipitation falls in 



no. 4. — ^Tlic singlc-creslcd 11-ycar cycle exhibited by north European pine 
trees in tlic nineteenth century. Upper curve : tree-rings. I/ 0 \vcr curve : 
fluctuations in the number of sunspots during tlic same period. Tlie agreement 
of the two curves is rcmarkabic. — Based on Clock (1037, fig. 00). 

summer, a simple cj'clc of an average length of a little over 11 years 
is verj’ obvious (fig, 4). Curiouslj' enough the average duration of 
the sunspot cj'cle ' also is just over 11 years (Clayton, 1989). After 
a careful examination of the available evidence Douglass identified 
this tree-ring cycle with the cyele of the sunspots. 

Douglass, Gloek and others have shown that this single-crested 
ll-j’ear cj’cle in the tree-rings is characteristic of regions with a 
comparativclj' damp climate, i.c. where droughts arc rare in summer. 
So they found that it is prominent in the Recent mammoth-trees 
{Sequoia) of California, in accordance with the foggj' summer climate, 
Thej' discovered the same type of oscillation in the rings of Sequoia- 

> The dark spots which arc observed on the sun vary periodically. It has 
been found that their periods are between 5-0 and 10-0 years, though of 00 spots 
no fewer tlian 0.3 liave periods between 0-0 and 11-6 years. Tlie composite 
periodicity of the sunsiwls is about 11-2 years (Clayton and others) or 11-J years 
(Douglass and others) ; it is, of course, not constant. For details, consult 
aaj-ton’s recent papers, also Schostakowilsch (1028) and other papers in the 
same volume of the Melcorol. Zs. 




TREE-RING ANALYSIS 


17 


trunks of Tertiary age from the same district also, and therefore 
argued that the Tertiary climate must have been similarly damp 
as that of to-day. Moreover, the single-crested 11-year cycle occurs 
in tropical rain-forest regions, too, as has been established for two 
kinds of west African woods of the mahogany type (Zeuner, 1938). 

In districts such as Arizona, however, where the climate tends 
to be dry in summer, two oscillations instead of one are frequently 
observed in the tree-ring records during an 11-year period. This 
short cycle (fig. 5) is called the Hellmann cycle, and two of them 
combined are often called the ‘ double-crested 11-year cycle 

The difference between the double-crested and single-crested 
cycles is puzzling from a climatological point of view. One is 
inclined to think that tree-growth depends entirely on rainfall and 
temperature. It certainly does depend on these two factors to a 
large extent. Schwarz, for instance, found that the Scotch pine 
{Pimts silvesiris) in Germany follows the fluetuations of temperature. 
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FIG. 5. — The double-crested 11-year cycle exhibited by Arizona pines in the 
fifteenth century. Upper curve ; tree-rings, thickness in roillimetres. Lower 
curve : a regular succession of two oscillations in 11 years, for comparison. The 
sequence of maxima and minima in the tree-ring curve agrees fairly well with 
a double oscillation in 11 years. — ^Based on Clock (1937, fig. 88). 


and Hesselman established the same for Sweden. It also became 
clear that in the comparatively damp climate of temperate Europe 
the growth in thickness of the trees depends more on temperature 
than on the amount of rainfall. Douglass’s work on the Arizona 
pine, on the other hand, showed clearly that in drier regions the 
thickness-growth of trees responds primarily to changes in the 
quantity of rainfall. 

Thus there is no doubt that temperature and precipitation do 
influence the growth of trees to a certain extent, though not ex- 
clusively and not everywhere in the same manner.^ A great many 
tree-ring records, in fact, show no distinct relations between pre- 
cipitation or temperature, and the thickness of the rings. The 
records of Sequoia were considered by Douglass as in fairly good 
agreement with the rainfall curve, but Antevs admits this only for 

1 The species of the tree also plays on important part, some being sensitive, 
others not. Most of tlie work has been done on conifers. Note (2), p. 400. 
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limited periods and finds that on the nvliole the correspondence is 
not pootl. It is particulnrly noteworthy thnt the great precipitation 
in 1SG2, 1807, and ISCS, is not recorded by wide rings in tlie Srqtioia- 
tninks. Tlius, the relation between climatic conditions and tree- 
growth appears to be a complicated matter, and the possibility 
that factors other than precipitation and temperature influence the 
growth of trees has to be considered. 

Solar corislani and tree-rings. The fact that the cycles obscrs-cd 
in tree-ring sequences agree so closely with the sunspot cycle strongly 
suggests thnt one of these factors may be solar radiation, especially 
since an indirect influence of the sunspots on the tree-rings via 
precipitation or temperature can apparcntlj' be ruled out. Only 
occasionally may be found a resemblance of the curves of rainfall or 
temperature of a certain district to the curve of the sunspots, though 
some connexion of the average fluctuations of atmospheric pressure 
with the sunspot cycle lias been established by Clayton (193D, 1940)^ 
and others. If, therefore, the deviations from the normal of the 
climate of a district show less resemblance to the sunspot cur\'c 
than do the tree-rings, it becomes probable thnt the influence of 
the sunspots on the trees is a more direct one than through the 
meteorological conditions resulting from an influence of the sunspots 
on the climate. 

What then is the actual cficct of the sunspot cycle on the growth 
of trees ? This question cannot be answered at present. Wc have 
to content ourselves ivith stating the fact thnt some sort of con- 
nexion exists. Sunspot maxima increase the value of the solar 
constant,- particularly owing to an increase in ultra-violet radiation. 
According to II. T. Stetson this has been established by Dr. Petit’s 
work in the iMount Wilson Observatory in California. Professor 
Stetson has written a stimulating book on sunspots and their efTccts 
which contains a great deal of information concerning the influence of 
the sunspot cycle on life generally. The reader is left in no doubt 
that the influence of solar cycles on life ns well ns on climate is 
considerable, and also that it is probably produced by correlative 
fluctuations of radiation. 

There were scientists who for many years regarded with reserve 
Douglass’s striking discovery of the sunspot cycle in the records of 
tree-rings. But the evidence which he and others have been able 
to accumulate has in the course of time convinced almost every- 
body, and in several cases observations whieh at first glance seemed 
to contradict his claims have later turned out to corroborate them 
perfectly. One of the most surprising cases of a ‘ happy end ’ to 

‘ ‘ Tlic smoothed plus and minus annual departures from normal pressure 
obsen-ed in tlic earth’s atmosphere arc displaced in position in unison w'th 
\-nrialions in intensity ol sunspot maxima.’ (Clnj-ton, 1039, p. 1.) 

* Tile amount of radiation received from tlic sun, measured in gramme calories 
per square centimetre per minute, at Uie upper h'mit of the atmosphere. 
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a worrying discrepancy between theory and observation is that of 
the absence of the 11-year cycle in the Arizona tree-ring records 
between 1645 and 1715 of our era, when it was replaced by a 10-year 
cycle. One cannot conclude this short introduction to tree-ring 
analysis better than by quoting H. T. Stetson’s words telling how 
the solution was foimd. 

One day early in 1922 Professor Douglass’s morning mail brought 
a letter from Professor Maunder of the Royal Observatory in Greenwich, 
England. In this letter Professor Maunder told Professor Douglass 
that he had been searching into early records of sunspot observations 
with some surprising results. This search of the English astronomer 
had revealed that a great dearth of sunspots had been observed during 
the entire period from 1645 to 1715. Maunder knew nothing of 
Douglass’s difficulties but merely wished to convey to him the informa- 
tion of this remarkable discovery in sunspot data. He ventured to 
remark to the Arizona scientist that if there were any real connexion 
between his tree-growth theory and the sunspot cycle, he should have 
found evidence lacking as to sunspots in his tree-ring records between 
1645 and 1715. Thus we see how a strange failure of sunspots to appear 
during the middle of the seventeenth century actually corroborated 
Douglass’s findings at a time when he nearly gave up the idea of the 
coimexion between sunspots and tree-rings on account of an apparently 
unexplainable discrepancy. 

Summary. Summarizing the results so far obtained by tree-ring 
analysis the following three points may be emphasized : 

(1) In spite of the limited applicability of tree-ring counting 
to archaeological dating a reliable calendar has been established for 
the dwelling-sites and cultural phases of the south-western United 
States, covering 1,900 years. This is a spectacular success indeed. 

(2) Countings, which cannot yet be correlated with prehistoric 
phases in a satisfactory manner, extend back for more than 3,000 
years in California, and for over 500 years in Germany. 

There are obviously good chances for applying tree-ring dating 
to other regions, especially temperate Europe, but progress will be 
slow and a good many years may elapse before reliable results are 
achieved even for the latest prehistoric periods, as these are earlier 
in Europe than in America. Yet tree-ring analysis may one day 
provide a help in dating historic objects in Europe as well as parts 
of the Mediterranean. 

(S) A definite connexion has been established between the growth 
of trees, the climate, and the cyclic changes in solar radiation. The 
sunspot cycle of 11 years is prominent in the tree-ring records. This 
result is of more general importance. It agrees well with observations 
bearing on the varved clays (see p. 48) and suggests that even minor 
fluctuations of solar radiation have left traces on the earth. It 
therefore indirectly supports the dating methods based on major 
fluctuations of solar radiation as described in Chapters V to IX. 
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CIIAPTEIl II 

VA1HT5 ANALYSIS 

A, J!ODE OF FOnMATION OF VATIVES, AND METHODS OF INVESTIGATION 
De Geer's concepHon of counting annual layers in sediments. The 
credit of Imi'ing designed the first scientific method of dating 
geological events in years belongs to Baron Gerard de Geer in Stock- 
liolm. As long ago as 1878, during his field-work in the Stockholm 
region, he was struck by the regularity of the lamination present in 
certain clayey deposits^ These laminae ■were generally regarded ns 
annual layers deposited in meltwater basins by the retreating ice. 
Such layers arc called ‘ varves ’ in Swedish, and the deposits arc known 
to geologists as van’cd clays or sands. Do Geer soon began to 
study the vai^dng thickness of the varves, to identify them in different 
sections, and to count tiiem wherever possible. Since tlicn, the 
method of vaivc analysis lias been considerably improved and 
successfully applied to the varve sections formed in front of the 
retreating margin of the icc-shcet of the Last Glaciation in Scan- 
dinavia, Finland and elsewhere. In addition to de Geer’s own and 
his collaborators’ work (de Geer, 1940), I may refer to Sauramo’s 
countings in Finland (1923, 1929), to Antevs’s in North America 
(see Antevs, 1925a, with chapter on varved sediments and exhaustive 
bibliography), and to Vierke’s (1937) in Pomerania. 

The varve method is the earliest geoclironological method and, 
therefore, well known to geologists and archaeologists. It also is 
one to which the term ‘ geochronology ’ has been most often applied. 

De Geer’s varv’e method is necessarily restricted in its applica- 
tion. It leads to a fairly complete record in 3xars of the late Glacial 
and Postglacial periods, but bejmnd that there is little hope so far 
of arriving at more than time-scales for isolated periods which 
cannot be linked up in years with Recent times (see p. 80), 

Formation of varves. Varved claj’s were, and still are, formed 
where glaciers discharge their meltwater into quiet ivatcr. The 
latter may be a lake, in manj' cases one dammed up bj^ a terminal 

• An informative appreciation of de Geer’s work is contained in the obituary 
written by E. B. BaUey (1043). 
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moraine built by the ice at an earlier stage (fig. 6), or it may be 
a bay or sound of the sea, or even a quiet river. 

Let us consider the case of a lake. In summer, when melting 
is intense, a lake ponded up in front of the ice receives a large supply 
of meltwater which is laden with a fine suspension of sand and 
clay derived from the morainic matter carried in and under the 
glacier. This suspension, called ‘ Gletschermilch ’ = glaciers’ milk, 
because of its opaque, often whitish colour, gradually spreads over 
the whole lake and very slowly settles down. During this process 
of sedimentation the coarser grains contained in the suspension 
fall to the bottom more rapidly than the finer, and they form the 
first layer of the deposit. This layer, however, is never quite pure 
since a certain amount of fine grains which happen to be near the 
bottom will be incorporated in it. Yet on the whole coarser material 
settles first from the suspension, finer material later, and the finest 



no. C. — Formation of annual varves during the retreat of the ice from a 
moraine. Successive -winter-halts of the ice. A, B, C, D. Each varve ends at 
the line to which the ice had receded in the particidar year. 


may remain in suspension until winter comes and the gradual freezing 
up of the lake helps it eventually to reach the bottom. In the 
following year, after the lake has lost its cover of ice, the process 
is repeated, and so forth. The result is a regular sequence of annual 
‘ varves’ (pi. IV, figs. A, B), which often are as conspicuous as growth- 
rings of -trees, o-wing to the change of colour accompanying the 
change from coarse grains to fine. 

Composition of varves. The size of the grains composing varves 
is usually small. Occasionally, very thick varves may be observed 
composed of sand below (grain-size chiefly l-O-O-l mm.) and silty 
clay in their upper portion (grain-size under 0>1 mm., chiefly 
O-l-O-Ol mm,). An example of such coarse varves is shown in 
pi. IV, fig. A, from Opava (Troppau) in the Czechoslovakian Sudeten 
Mountains, where subaerial meltwater gravels are overlain by 
yarved lake deposits, the first six varves being thick and exceed- 
ingly sandy. Another instance, from Sperenberg near Berlin (pi, IV, 
fifl. B), represents a section of sandy varves which, however, are finer 
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tlmn tliosc at Opava. Very fine-gmincd, clayey vnrvcs arc, as a 
rule, thin. 

Fine-grained van-e deposits arc much more frequent than coarse 
ones. Sauramo analysed a great mani* Finnish samples, and from 
his figures for fourteen of these it is seen that in the average not 
less than S5-7 per cent, of the material is under 0 02 mm., and 
52-1 per cent, under 0 002 mm. This means that more than half of 
the material is finest colloidal clay-matter. 

Chemically the vars’c deposits offer no special interest. 

Thickness of varves. In the majority of vnrs’cd deposits the 
individual laminae average between a few millimetres and a few centi- 
metres in thickness. Sometimes they may be abnormally thin, 
me-asuring as little as a fraction of a millimetre. On the other hand 



no. 7. — ^Examples of dc Geer’s vnrvc plots, showing signinennt ngreement. 
Sweden nbovc, Finland below. Note Hint the maxima of Finland arc reversed. 
Tlic earliest vnrs’cs appear on the right. Years on dc Geer's time-scale, counting 
from the Bipartition (Ragunda drainage vnrvc). — After de Geer, 1030. 


unusually thick annual layers are not infrequently observed, and 
Sauramo records some mcasiming ns much as 40 cm. It is obvious 
tliat exceptionally thick or thin vnrvcs make the plotting of long 
series on the same scale somewhat difficult, but such varves also 
afford most valuable land-marks in a sequence wltich, perhaps, is 
otherwise fairly uniform. De Geer’s well-known varve-curs'cs from 
Sweden (figs. 7 , 12) mostly show variations in limits smaller than 
those given above. 

Vanes and moraines. Since varv'cs demand for their formation 
quiet water in the neighbourhood of glaciers, they are almost invari- 
ably connected with some kind of moraine. Very often a terminal 
moraine, formed at an earlier stage, dammed up a lake fed by 
melbvater, into which the gradually receding ice-front discharged a 
suspension of mud. This mud, when deposited, formed the varves, 
as described above. As the icc-ranrgin retreated the van'cs followed 
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it, and, assuming a northward retreat, each succeeding varve is found 
to begin farther north than the preceding one (fig. 6), its northern 
limit indicating the exact position of the ice-margin in the year 
of formation of the varve in question. If the gradual retreat of 
the ice-margin was interrupted by a stationary phase or a slight 
re-advance, a new terminal moraine was formed. The duration of 
such a halt can be determined from the varves deposited in front 
of the moraine. When the ice-recession was once more resumed 
the process of varve-formation continued normally. Conditions of 
course varied a great deal locally and the story given here must 
be regarded as no more than an example. 

The ice-recession in Scandinavia and Finland usually proceeded 
at a rapid pace (between — 1150 and — 600 of the Swedish Time- 
scale it varied between 120 and 400 m. per year ; de Geer, 1940, 
p. 154), and the areas of ponded water were very extensive. The 
individual varves, therefore, often cover wide areas, and this fact 
is of considerable help in identif 3 dng them in sections which are 
distant from one another. Furthermore, an overlap of sections 
occurs frequently, the top varves of one lake being of the same 
age as the bottom varves in another lake which began to deposit 
varved sediments later than the first. 

Be Geer's method of investigation. Thus, in theory, all one has 
to do is to count the varves and to measure their thicknesses in 
as many sections as possible and then to try to identify the over- 
laps, duly considering all the known geological facts. When, in 
1905, de Geer started field-work on a large scale, he applied the 
simple practice of smoothing with a suitable instrument the sections 
in the pits and transferring the thicknesses of the varves directly 
to long strips of paper. In the laboratory the records thus obtained 
were used to construct curves which in turn were cross-identified 
with others in the same way as described for the annual growth- 
rings of trees in the previous chapter (fig. 8). This method has 
the great advantage of allowing of expeditious work, and there is 
little need to take home heavy sample-columns of the deposits, 
provided the varves are clear and not too thin. It has obviously 
been applied most successfully in Sweden, but in areas where the 
varves are very thin, this method is no longer practicable. 

Sauramo's method. Moreover, Sauramo was able to prove that 
the thickness of an individual varve need not be constant over 
the whole of its area, and that, in deposition-areas not directly 
connected, varves of the same year may be quite different. He 
therefore prefers to supplement the original method of cross-identi- 
fying on the base of relative thickness only by a close study of 
other features of the varve-sequences. He says ; 

A better method must be independent of the variation of thickness 
of the varves, the inconstancy of which is the main source of trouble. 
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no. 8. — Example of cross-dating of two sample columns of van'cd deposits, 
from Finland. Localities, Sipila (left) and Rnulianiemi (right), connected by 
M. Saummo. Note the group of very thin vnrvcs around 20, and the very wide 
varves between 20 and 30. — Half natural size. — After Sauramo, 102.'). 
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and rely upon other characters, inherent in eaeh individual varve or 
group of varves and more constant than the relative thickness. Such 
characters in fact exist among the physical properties of the sediments. 
Of course, primary properties only must be considered and not secondary 
ones, such as those due to weathering, or the action of ground water. 
Those primary properties that may serve for the purpose of connexion 
are : colour of the sediment in the state of natural humidity above the 
ground water level, coarseness of grain and hygroscopicity, plasticity, 
arrangement of grains of different coarseness in the varves, i.e. whether 
the coarser and finer materials are mixed together or arranged in separate 
layers, and in the latter case, whether these layers of definite coarseness 
of grain limit each other with sharp lines or by gradual transition. 

Such characters are, as a rule, not confined to one or two varves 
only ; they are typical of parcels of varves. It is possible, therefore, 
to recognize certain particularly characteristic groups of varves or, 
as Sauramo calls them, vane series. In order to identify varve 
series it is necessary to take sample-columns from the sections and 
to study them in the laboratory. Sauramo thus investigates first 
the larger imits and, having identified these, proceeds to the smaller, 
i.e. the individual varves. There is no doubt that in this way the 
possible error is reduced to a minimum. 

Consiruciion of plots or curves. As in the case of tree-ring analysis, 
the varying thickness and other features of the annual layers have 
to be plotted. The most convenient method for varve-plotting 
is to mark the varves at equal intervals along a horizontal line and 
to show their thicknesses at right angles to this. A connexion of 
the top ends of the thickness lines then yields a kind of ‘ curve ’ ^ 
which is easy to read and to interpret. The earliest varves may be 
shown either on the right or on the left. 

Biennial maxima. Such cmrves often attain considerable length 
and it then becomes difficult to compare several of them, to identify 
similar series, and to correlate these. For this reason, de Geer 
introduced another kind of plot which is derived from the original 
curve. He calls this the method of the biennial maxima. The idea is 
to mark down only the ‘maxima’ shown by the original curve 
(fig. H). A ‘ maximum ’ ^ results from an increase of varve thick- 
ness from a certain year to the following, and a decrease in the 
year thereafter. Such sequence thinner-thicker-thinner requires two 
years for its formation ; hence the term ‘ biennial ’ mflYimum , 
De Geer plots biennial maxima, as shown in fig. 11, by short marks 
on a horizontal line. The marks are directed upwards for odd and 
dounAvards for even years. As a rule, de Geer does not plot biennial 
maxima when they occur singly, but mostly when they appear in 
groups of two or more (de Geer, 1934). 

1 Mathematically, the ‘ varve curve ’ is not a curve, and a * biennial TnnYimiim ’ 
not a maximum. Both terms are unfortunate, but as they are in common use, 
they are best retained. 



20 


DATING THE PAST 


[H 

It must not be overlooked lliat the plots of biennial maxima 
no longer give a complete record of the varve section. They single 
out a particular kind of oscillation. Although they do help to 
establish likeness in varvc-rccords from different localities they 
cannot claim to be as accurate as tlic original curves, and certain 
risks arc implied in tlicir application. One example may suffice 
to make this clear. A biennial maximum in which tlic thickest 
vars'c is about hvicc as thick as any of the tliinncr is, of course, 
a perfectly plain and cliamctcristic feature, but a scries of varves 
of, for instance, 10 mm., 17 mm., 14 mm. also represents a biennial 
maximum. In a neighbouring localitj', however, tlie sequenee 
may be 10 mm., 15 mm., 14 mm., and no maximum is obscrs'cd. 
IVhcrc slight variations of thickness decide betsveen the presence 
and absence of such maxima, the mctliod obviously cannot work 
satisfactorilv, , 

\i''7 c 

' • n. VAnvE ciinoxoLooY 

licsuUs of coinUtngs in Siceden. Before entering upon the ques- 
tion of dating climatic events and human industries by the varved 
clay method the outstanding results of varve counting have to 
be reviewed briefly. In Sweden, dc Geer succeeded in counting 
vars'cs along sections from tlic extreme south up to a point high 
in the mountains where the melting ice-cap finally became divided 
into tsvo parts, remnants of svhich arc still prcscivcd (fig, D), 

The zcTO-x'arcc, Not far from the place where the bipartition 
occurred, at Ragunda, a lake existed until 1790, when it was acci- 
dcntallj' drained. The varves of this lake added 8,000 years to 
the time-scale, and among them a particularly thick varve, which 
dc Geer interpreted as the result of the great run-off of ponded water 
which followed the bipartition. Since he was able to recognize this 
van'e in many sections, lie chose it as the zero-point of his chrono- 
logy. He marked all the later years with a plus-sign and called 
them collectively Postglacial, whilst the years preceding it (with 
Tnuitis-sign) arc grouped into the Finiglacial phase (sec de Geer, 
1940, p. 171). 

Link-up xcith present day. Tlic varve series of Lake Ragunda 
proved disappointing in so far as they did not provide the expected 
link with modern times. Van'c formation had ceased long before 
A.D. 1790. But along the Angerman River, in northern central 
Sweden, Liddn (1918, 1938) found Postglacial vars'cs which con- 
tinued into Recent deposits. From these, Liddn determined the 
calendar date of the zero-varve ns 0889 b.c. This date marks the 
beginning of the Postglacial in de Geer’s sense (1940, p. 178), 

End of Glacial and beginning of Postglacial. There has always 
been a difficulty in drawing a line between the last stages of the 
Ice Age, which naturally have to be included in the Pleistocene, and 




MO. 9. — ^Ice-recession and varve countings in Sweden, according to de Geer’s 
report to tlie International Geological Congress at Stockholm, 1910. The varve 
sections are shown to cover almost the entire distance from the Dani-Gotiglacial 
moraine to Lake Ragunda. — After de Geer (1012). 
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the wrly Postglacinl or Holocene. As conditions did not improve 
.suddenly, the retreat of the ice having been more or less gradual, 
no clear distinction can be made which would apply not only to 
Scandinavia but to the rest of the world. 

It is obviously adsdsablc to appoint some event os Uic dividing 
mark and to apply it arbitrarily cveiywhcrc, even in regions where 
no corresponding climatic evidence is ns'nilablc. But the dilTiculty 
is, which event to choose. Dc Geer took his r.cro-point, corresponding 
to 0839 B.C., as designating the end of the ‘ late Glacial ’ and the 
beginning of the * Postglacial Jessen, Nilsson, Gams, and others, 
however, prefer to use the halt at the central Swedish moraines, 
i.c. the limit bet^vecn Gotiglacial and Finiglacial, at about 7912 n.c. 
This coincides witli tlic breakdown of the glacial anticyclone (Zeuner, 
19-15, p. 157), and with the beginning of great changes in the vegeta- 
tion of northern Europe ; it is therefore more easily recognizable 
outside Sweden, and should be preferred generallj'.^ 

Finiglacial phase. The extension of the time-scale from the 
zero-varve into the past depends chiefly on sections in the Stock- 
holm area, where the method of varve chronolog}' was first conceived 
and practised by dc Geer and liis 20 collaborators. This is the only 
area for which a suflicicnt amount of evidence has so far been pub- 
lished in detail. Several series of measurements, which agree well, 
extend back to — 1400 (= 8239 n.c.) ; they arc of especial import- 
ance since they comprise the belt of the great Central Sxcedish Terminal 
Moraine, a conspicuous zone of hills which marks a well-defined halt 
of the ice during its retreat from the Last Glaciation. In order to 
assign a definite year to this halt, an event was chosen which left 
traces in many varve sections, i.c. the draining of the Baltic Ice-lake. 
This event occurred in the year — 1073 (= 7912 n.c.), according to 
de Geer. It is taken as the beginning of the Finiglacial phase, and 
the end of the Gotiglacial phase of the lee-retreat. De Geer (1940, 
p. 147) describes it ns follows: 

Immediately above the Goti-Finiglncial limits the varves bceomc 
thicker and exhibit at the same time a verj' striking change in colour 
and consistence, which has been traced to that very point in the province 
of Vcstergotland, where the land-ice border receded from the north end 
of Jit. Billingen. This was the northernmost cape of the South- 
Scandinavian land barrier, which had been damming up the great 
Soulh-Baltic ice-dammed lake. When the ice-dam thus became opened, 
the ice-lake was lowered by some 28 m. down to the sea-level, and 


* Tlic limit Postgl.ici.il-I’Icistoccne is tlie first straligraphical boundary to be 
defined in terms of years. It is only a matter of time that a figure will be agreed 
upon to diwdc tire rieistoccne from tire Pliocene cpocli. Everywhere purely 
geological or palaeontological divisions Irecome incre.asingly difficult to maintain 
ns research goes on, and no doubt the day will come when all geological divisions 
are defined by absolute time rather than unconformities and appearance and 
extinction of certain forms of life. 
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an under-current of sea-water entered into the Baltic basin. (See this 
book, figs. 16-17.) 

This catastrophe happened in the year —1073. Before that year 
the varves were rather grey and silty. Immediately afterwards they 
became thicker, brown and more rich in fine clay, probably because a 
greater portion of the sediment, when entering into the brackish water, 
at once became flocculated and deposited in the neighbourhood of the 
ice-border. (Note (5), p. 402.) 

Goiiglacial phase. The Goiiglacial phase is reckoned by de Geer 
to begin with the withdrawal of the ice from certain moraines in 
southernmost Sweden (South Scanian Moraines). Since 1912, de 
Geer has tentatively connected the South Scanian Moraines with 
the Baltic Terminal Moraines of the European mainland (the Pomer- 
anian phase, see p. 113) as shown in fig. 9. The South Scanian 
Moraines form a peculiar loop near the town of Bara, enclosing a 
small ice-free area, and are supposed to continue from there across 
the Danish Isles to Jutland, where they turn south and south-east 
to link up with the Baltic Terminal Moraine. This arrangement of 
terminal moraines, if it can be substantiated, is not impossible ; it 
might be due to an icestream pushing forward in the depression now 
occupied by the Baltic Sea, whilst the moraine north and east of 
the Bara loop marks the edge of the Swedish ice fhat came down 
firom the Scandinavian mountains. Acceptance of de Geer’s com- 
bination means that any date for the stage of the Bara loop would 
directly apply to the Baltic End Moraine, or the Pomeranian phase, 
also. 

In 1926, de Geer gave the common age of this morainic belt 
(which marks the beginning of the Gotiglacial) as approximately 
between — 9650 and — 9437, or 16489 to 16276 B.c. (roughly 18,000 
years before the present).^ In 1928, and again in 1933, de Geer 
reported that he had used wrong figures. The figure to be inferred 
from his suggested corrections was somewhere between 12000 and 
14500 B.c. Unfortunately his latest, comprehensive, book (1940) 
does not discuss the time-scale of the Gotiglacial, and the original 
measurements have, to the best of my knowledge, never been 
published. On his plate 90, he supplies a general time-scale, noting 
the duration of the Gotiglacial as 6,379 years. This, again, is an 
accidental slip since, on plate 87 b, the beginning of the Gotiglacial 
is indicated at about — 6380, i.e. 18219 B.c., or about 15,000 years 
ago. In the opinion of Antevs (1947), however, the varve chronology 
cannot be extended to south Scania, and the earliest ice-border which 
can be dated by varves is in north-eastern Scania (13,500 years 
ago). 

_ * In de Geer’s map there appears, by mistake, 18000 b.c. He corrected this 

in 1928, but the error has caused muc^ confusion in literature. 




no. 10. — Morainic bells nnd plinscs of llic Last Glaciation. Note that accord- 
ing to tliis version, tlic Pomeranian moraine (III) is distinct from the phase of 
tlic Ham loop (V). Note also the conspicuous triple belt of Uie Central Swedish 
Salpaussclka moraines. — After Vierke (1037). 
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Problem of connexion of terminal moraines across the western 
Bailie. As has been said above, de Geer considers the Pomeranian 
(Baltic End Moraine) as contemporary with the beginning of the 
Gotiglacial in South Scania. De Geer’s connexion has, however, 
been contested, especially by Danish workers. Hansen (1940) 
checked de Geer’s sections in Denmark and southern Scania and 
came to the conclusion that, with the exception of eleven short 
diagrams (none with more than 35 varves), all Danish diagrams, 
comprising up to 1,000 ‘ varves do not represent annual deposits, 
but shorter periods, of weather. And long before this result was 
published, i!mtevs (1928) regarded the Pomeranian as decidedly 
older than the South Scanian Moraine and attributed them to two 
successive and approximately concentric stages of retreat. If he is 
right, the age of the Pomeranian must be greater than that of the 
South Scanian by an imknown amount, which may be considerable. 

More recently, Vierke (1937) has combined the results of various 
workers in a new map (fig. 10), in which the Bara lobe is preserved, 
but connected with a north Pomeranian belt of moraines which is 
later than the terminal moraine usually called the Pomeranian stage 
(this is Vierke’s south Pomeranian belt). This interpretation, too, 
makes the Pomeranian stage proper older than the South Scanian, 
though less so than does Antevs’s interpretation. 

As de Geer and everybody else have in practice identified the 
Gotiglacial with the retreat from South Scania to the Central Swedish 
Moraine, the term Daniglacial of de Geer would apply to the chrono- 
logical gap betAreen the South Scanian and the Pomeranian (sensu 
stricto) stages. 

Furthermore, though de Geer’s estimate of 18,000 years for the 
Pomeranian phase has been accepted very widely, it no longer can be 
regarded as based on direct evidence. It was suggested in connexion 
with the South Scanian Moraine, for the age of which there is no 
direct evidence. De Geer’s estimate may, after all, not be far off 
the right mark for the Pomeranian, but further research is urgently 
needed either to confirm it or to replace it by a more accurate figure. 

Thus, the results of the varve method in Sweden and north 
Germany are far from being satisfactory for the earlier phases of the 
retreat of the Last Glaciation and further research, especially varve 
countings between the Pomeranian and South Scanian stages, are 
pressing requirements. All one can say at present is that the 
Pomeranian is at least about 15,000 years old, and probably more. 

For the later stages of the retreat of the ice, from the Central 
Swedish Moraines onwards, however, the figures appear to be more 
reliable, and accurate enough to provide a time-scale for the develop- 
ment of the Baltie Sea as well as for the Mesolithic and Neolithic 
industries of man (Chapter IV). The following table summarizes 
Swedish varve clironology : 
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Ice-latce drainaja: 



(Ccnlml SwcdUli Moraine) 

- 1073 

7012 n.c. 

Gotiglacial 

Soulli Scaninn Moraine 


T c. 15,000 years ago 

D.aniglacial 

I’omcraninn (Great Baltic) End Moraine 

? c. 18,000 years min. 


Ecstdls of countings in Finland. On the other side of the Baltic, 
varve countings have been carried out independently in Finland, 
chiefly by Jlatti Sauramo. He accepted as zero-point the beginning 
of tlic ice-retreat from the second of three closely connected and 
excellently preserved morainic belts called SalpausselkS. This zero- 
point is earlier than the Swedish one. Since the Salpausselka 
moraines arc reminiscent of the Central Swedish Moraines in structure 
and preservation, many authors have considered the two groups ns 
contcraporar}’, especially as it is easy to connect them across the 
Baltic (fig. 0). At present, however, the view predominates that 
they are not of exactly the same age. Antevs (1928) puts the Central 
Swedish Moraine about SOO years later than the second Salpausselka, 
and Sauramo connects the Central Swedish Moraine with the third 
Salpausselka stage. In 1929, Sauramo deplored that the Swedish 
results had not yet been published in detail and that one had to rely 
on figures instead of detailed evidence when trying to establish a 
correlation between Finland and Sweden. The Finnish scale is 
several hundred years longer than the Swedish. For this reason 
Sauramo, for some time, adopted de Geer’s positions of the ice- 
margin only and applied to them the numerical results obtained in 
Finland. Lately, however, he has been able to accept some of de 
Geer’s figures (1939). The ensuing correlation of the two clwono- 
logies is shovvTi in the following table: 
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Kelativc 

Years n.c 

Ungundn drainage varve .... 

±0 

0839 n.c. 



Ice-lake drainage (Central Swedish 
Moraine) 

— 1073 

7912 n.c. 

-1-202 

7858 n.c. 

Finnish Slorainc, second Salpausselka 



±0 

8150 n.c. 
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Considering that these figures cannot be more than approximate, 
the agreement must be regarded as excellent. 

Anievs's toork in North America. Not only in Fennoscandia but 
in North America also has the varve method been applied success- 
fully. Here, E. Antevs is the leading worker. He studied the ice- 
recession from the terminal moraines on Long Island near New 
York to as far as northern Ontario. The difficulty in North America 
is that no link with the present day, such as the varves of the Anger- 
man River, has so far been found, and that estimates have to replace 
countings for certain portions of the time-scale. (Note (10), p. 406.) 

Antevs used for his countings two independent zero-points, 
corresponding to two long series of sections. The first series runs 
up the valley of the Connecticut river, and the second is situated 
north-east of Lake Huron. The gap between the two series is partly 
filled by the calculation of the recession of the Niagara Falls. The 
northern terminus of the second series is at Cochrane, near the 
Abitibi river, and the final recession of the ice from there is still 
largely a matter of conjecture. The sequences from New York to 
James Bay were summarized by Antevs (1928, 1931, 1947) as follows ; 

Long Island moraines (Ronkonkoma to 
Harbor HiU) 2,000 

From Harbor Hill to Hartford, Conn. 5,500 

Hartford to St. Johnsbury, Vt. 4,100 

St. Johnsbury to Stony Lake, Ont. "I 

Stony Lake to Mattawa Valley, Ont. (based >10,000 
on Niagara Falls) J 

Mattawa to Cochrane, Ont. { roiTted 

Oscillations of ice-margin near Cochrane, 

Ont. 2,000 partly counted 

Final retreat to James Bay 1,000 estimated 

Retreat from James Bay to present position 9,000 estimated 

36,600 years 

The retreat from James Bay to the present-day remnants of the 
ice-sheet in northern Canada is believed to coincide with de Geer’s 
‘ Postglacial ’, i.e. from the Bipartition, and thus to have lasted 
about 9,000 years. 

The retreat from Mattawa to James Bay (the southern part of 
Hudson Bay) can be estimated in a different way (Antevs, 1947). 
Assuming that the oscillations of the ice-margin at Cochrane corre- 
spond to the Central Swedish Moraines of northern Europe (10-11,000 
years ago), the drainage of the glacial Lake Ojibway-Barlow must 
be placed near the begiiming of this phase of oscillations, say about 
11,000 years ago. To this figure have to be added 3,000 years for 
the retreat from Mattawa to Cochrane, making 14,000 years in all, 
compared with 15,000 (i.e. 6,000 -j- 9,000) in the first estimate. 

It must not be overlooked, however, that only about one-half 
of 36,000 years is derived from actual countings, the remainder being 
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made up of various estimates. Of these, the estimate for the Niagara 
Falls is highly questionable (Flint 1017, p. 3S2), and the assumption 
that 0,000 years is the length of the ‘ Postglacial ’ in North America 
is very charing. Brj-nn and Ray (1040) have reconsidered the 
problems of vnrvc chronologj* in North America and rightly remarked 
that this figure accounts for ns much ns one-third to one-fourth of 
any of the estimates for the American ice-recession. 

In view of the many pit-falls of the Nortli American var\*c 
chronologj', which arc certainly well known to Antevs himself but, 
unfortunately, neglected by many non-cixpcrts over-anxious to 
obtain figures, Biyan and Ray attempted to revise the reckoning. 
They have introduced the following important points : 

(1) The authors claim tliat the outer moraine on Long Island 
(Ronkonkoma) belongs to a considerahUj earlier glacial phase than the 
inner (Harbor Hill). The Last Glaciation proper, therefore, should 
be exjunted from the Harbor Hill stage only (sec also p. 33), and the 

2.000 years assumed for this interval by Antevs should be dropped. 

(2) The stage between Harbor Hill and Hartford (5,500 years 
according to Antevs) is based on countings of varve series which, 
according to Brj'an, are older than the last retreat of the ice. In 
his opinion, tliey exmnot be used in this sequence, and lie replaces 
them by an estimate of 2,000 years, based on the rate of recession 
during the following stage.^ 

(3) According to Antevs, the age of the Maltawa stage is 14,000- 

15.000 years, Bryan and Ray arrive at 12,350 years. 

(4) Btynn and Ray stress that the figure of 0,000 I’cars for the 
‘ Postglacial ’ is entirely arbitrary and that it constitutes a source 
of great uncertainty. 

On the whole Bryan and Ray arrive at lower figures than Antevs 
docs. They give 22,300 years for the age of the St. Johnsbury 
moraine (Antevs, 25,000), and 28,400 for the Harbor Hill moraine 
(Antevs, 84,500). The margin of uncertainty in both these calcula- 
tions is still very great onnng to the many estimates included. 

According to a personal communication from Professor Flint, 
none of Antevs’s terms is part of the standard nomenclature lowan- 
Tazcwell-Cary-JIankato, for it has not yet been found possible to 
carry the standard correlation eastward into New England. 

Man in North America according to Antevs. There has been 
considerable controversy among experts in the United States as 
to whether man was present during the lee Age or not. Geological 
and palaeontological evidence has recently been summarized by 

' Crj'an relies on observations of clicmical weathering and solifluction in tlic 
lop portion of tlic vnr\'ed clays. It appears to me tlint the clays could still he 
of the age claimed hj- Anto-s, if one accepts the view expressed elseivhcrc by 
Bryan, tliat the folloning St. Johnsbury stage corresponds to the Pomeranian 
and, therefore, was preceded by a mild oscillation. Tlie possibility of such 
oscillation, by the way, introduces nnoUicr unknown interval into the sequence. 
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Howard (1935), Bryan (1937), and by Roberts (1937, 1945). 
Problems centre roimd the discovery of artefacts called Folsom 
points. Many of them are reminiscent of Solutrian blades, and they 
were found associated with bones of extinct animals. Folsom 
artefacts occur superficially in a wide area from southern Canada 
to New Mexico, but it is in the south-western United States that they 
were discovered in indisputable geological sections. At Folsom, 
New Mexico, J. D. Figgins, Barnum Brown, F. H. H. Roberts, and 
others found them associated with bones of a large deer and an 
extinct species of bison. Other sites, at Clovis and Portales, New 
Mexico, near the border of Texas, were studied by E. B. Howard 
and others. Here, evidence was brought forward for man having 
been contemporary with mammoth as well as extinct bison. At 
Burnet Cave, in the Guadalupe Mountains, south-eastern New 
Mexico, Howard found a point in association with extinct bison and 
an extinct musk-ox like bovid, overlain by a stratum of earliest 
Basket-maker material. More corroborative material was discovered 
at the Lindenmeier site in Colorado where extinct bison and camel 
were found with the implements. This site has been dated by Bryan 
and Ray (1940) with the aid of Antevs’s tentative varve chronology 
as falling between 10,000 and 25,000 years ago. It is slightly later 
than the Corral Creek substage of the Rocky Mountains glaciation, 
which they consider as the equivalent of the St. Johnsbury moraine 
of eastern North America. 

Evidence is plentiful at all these sites that man had occupied 
North America at a time when the climate of the south-west was 
cooler and damper than now and when several now extinct mammals 
were still abundant. Antevs calls this the last pluvial phase of 
North America. In the basin of the Silver Lake, about 140 miles 
north-east of Los Angeles, he established that the primitive Mohave 
culture was contemporaneous with the overflow levels of the pluvial 
Lake Mohave. Since, in California, this ‘ pluvial ’ phase appears to 
have occurred somewhat later than the last mountain glaciation, 
that is according to Antevs’s estimate between 25,000 and 20,000 
years ago, the overflow levels in question and the enclosed culture 
are considered as at least 15,000 years old (Antevs, 1937). In a 
similar manner, Antevs determined the minimum age of the Cochise 
culture in Arizona as 10,000 years. All these datings are ultimately 
based on Antevs’s van'e counts in the northern part of the continent 
(Antevs, 1925/, 1936). Today, the radiocarbon method lets them 
appear in a fresh light (pp. 282, 341). See also Note (11), p. 406. 

The Problem of the annual character of the varves. It has been 
assumed quite generally that varved sediments found in the neigh- 
bourhood of glaciers or glacial deposits display an annual rhythm. 
MTiilst this is likely to be so in many cases, and perhaps in the 
majority, doubts have been cast on this assumption by several 
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workers. In the preceding paragraphs this difficulty has been 
referred to on one occ,asion only, namely in connexion with the 
s-an cs of Denmark investigated by Siguixl Hansen (1910). In that 
country .Anderson (1928) and also H.anscn (1929) liad pointctl out 
long ago that certain vars'cs have to be interpreted perhaps as ‘ day- 
laminae ’. Both Antes-s (1931) and Nordmann, therefore, agreed 
that the Danish varec deposits arc best left out of gcochronological 
considerations. But the difficulty is not restricted to Denmark. 
Schwarr.bach (1910), for instance, studied vars'cs, probably of Middle 
Pleistocene age, in Silesia and found that tlicy contained short cycles 
perhaps corresponding to periods of weather. Other middle Pleisto- 
cene van-es from Ipsudeh, England, also show subdivisions within 
major units marked clearly by clay bands, probably winter clay. 
The silt between two sucecssive claj' bands, up to 10 mm. thick, 
is subdivided by verj' fine and regular, dark and, occasionally, some- 
what clayey lines. Their number varies from 0 to 10. It appears 
reasonable to interpret these deposits ns another example of weather- 
lamination combined with true annual vandng. 

Furthermore, Schneider (1945) notes that even in the classical 
Swedish varve area not all varves need be annual. He reports that 
de Geer cut in his presence a sample of an * undoubted ’ winter layer 
formed between two eskers and regarded by de Geer with certainty 
as a single-season deposit. This specimen was 4-G cm. thick and 
contained four ‘ van’cs ’, proof that even in a late-glacial winter 
thawing took place occasionally. For this reason, Schneider is 
inclined to doubt the annual character of those parts of the vars’c 
series of the Faulensee in Sn-itzcriand for which Wclten (1914) did 
not expressly establish an annual rhythm of sedimentation (see 
p. 91). In this he may be going too far, but his critical attitude 
illustrates the urgency of further research on the formation of varved 
sediments. It appears that we have in the past been too confident 
in the belief that all varwes are annual. 

C. rRE-PLEISTOCENX VAUTE-SERIES 

Force countings in prc-Pleisioccnc formations. The study of 
annual vars'cs is by no means restricted to the late lee Age of Scandi- 
navia, Finland and North America. Glacial varves comparable with 
those of the Last Glaciation, but infinitely older, have been reported, 
for instance, from the Huronian Glaciation of North America (about 
7 to 800 million j’cars ago, compare Chapter X) and the early Cam- 
brian or Prccambrian Glaciation of Australia (Coleman, 1920 ; about 
500 million years ago), the Permo-Carboniferous Glaciations of 
Australia (Siissmilch, 1922) and South Africa at Nooitgcdacht near 
Kimberley (pi. XX, fig. A ; Coleman, 1920 ; Haughton and du Toit, 
1929 ; du Toit, 1930 ; about 220 million years ago),* and from glacial 
* Also known from Brazil ; see pi. V, fig, A. 
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deposits of Carboniferous age, called the Squantum Tillite and 
found in the neighbourhood of Boston, Massachusetts (Sayles, 1916). 
Proper countings have not yet been carried out in these early wit- 
nesses of glacial phases. Further examples and references may be 
found in Antevs (1925a), Schwarzbach (1950) and Banks (1955). 

There are, however, laminated annual deposits which look 
exactly like glacial varves although they were formed under the 
influence of some other seasonal rhythm, such as wet and dry seasons, 
or alternation of chemical deposition of carbonate with biological 
deposition of plankton. Annual layers of this kind have been dis- 
covered and counted in various formations, and valuable results 
obtained for the duration of some of the earlier geological periods. 
Furthermore, most investigators concerned have recorded cyclic 
variation of the thickness of the varves (see p. 43). A few out- 
standing examples of varve-studies in pre-Pleistocene formations 
may be mentioned ; ^ 

(1) The Precambrian Nama Beds, South-west Africa. Age accord- 
ing to Radioactivity method (see p. 334) about 500 to 1,000 million 
years. Thickness of varves varying from 0-3-7 mm. Sunspot cycle 
observed (11-5 years). (See Martin and Korn, in Korn, 1938.) 

(2) Shales of the upper Devonian and lower Carboniferous of 
Thuringia. Age according to Radioactivity method about 275 
million years. Varves varying from fraction of mm. to about 10 cm. 
Duration of lower Carboniferous up to middle Vis^e horizon about 
800,000 years. Cycles very distinct and numerous, especially 11-4 
years (sunspot cycle), one of 23 years, of 56-5 years, of about 21,000 
years (precession of equinoxes). (See Korn, 1938.) 

(3) The Carboniferous varved shales of Paterson, New South 
Wales (Caldenius, 1938.) 

(4) The Permian anhydrite of Texas. Age according to Radio- 
activity method about 200 million years. Layers in the Castile 
formation are probably annual. Apart from other rhythms, cycles 
from 11 to 14 years are prominent. (See Udden, 1924.) Other 
Permian anhydrite and salt deposits also have been interpreted as 
seasonal. (See Antevs, 1925a.) 

(5) Upper Permian anhydrite, Harz Mountains, Germany. 
Cycles of about 11 units observed. (See Korn, 1938.) 

(6) The varved sediments of the Permian Shihhotse Series in 
Shansi, North China. They were formed under a tropical climate 
with a dry and a wet season. (See Norin, 1924.) 

(7) The varved sediments in the states of Trengganu and Pahang, 
Slalay Peninsula. They were mapped as Triassic but are possibly 
upper Carboniferous. (See Fermor, 1939.) 

(8) The Triassie Red Beds of Colorado. Age according to Radio- 

^ For furtlier references compare Hep. Comm. Meas. Geol. Time, Washineion, 
1037, pp. 38-43. . 6 . 
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ncti%*ity method nhout 1C5 million years. Sandstones n-itlj indis- 
tinct, possibly annual, layers showing cyclic variation of thickness, 
(See Vail, 1917.) 

(9) The middle Eocene Green River formation of Colorado, Utah 
and 'Wyoming. Age according to Radioactivity method about 50 
to CO million years. Varves of calcareous and org.anic mud. Cycles 
observed of a little less tlian 12 years (sunspot cyde), about 50 years, 
and 21,000 years (precession of equinoxes). Green River formation 
lasted about 5 to 8 million years. Total duration of Eocene about 
23 million years. Tills agrees well witli results of Radioactivity 
method (compare Chapter X). (See Bradley, 1929.) 

(10) Oligocene freshwater daj-s, Linz on the Rhine, Germany. 
Cycles of about 11-5 years obscn-cd. (See Korn, 1938.) 

(11) The fish shales of Glams, Switzerland. They form part of 
the Oligocene Flysch formation and arc marine. (Sec Heim, 1909, 
p. 331.) 

(12) Tire laminated marls and shales of middle Sarmatian (upper 
Miocene) age, found near Glcichcnbcrg, StjTia. Age according to 
Radioacth-itj* method about 20 million years. Formed in a shallow 
sea. (See IVinklcr, 1918, p. 577.) 

(18) The upper Jlioccnc marls and shales of Oeningen, near Lake 
Constance. Formed in freshwater lakes in a warm climate with a 
dry season. Lamination seasonal according to Heim, 1909, p. 831. 
(See also Heer, 1805, and Zeuner, 1930.) 

These e.xamplcs make it clear that work on varves is not restricted 
to glacial deposits and that a study of laminated beds of any age 
affords opportunities of establishing longer or shorter chronologies 
in years and of amplifying our knowledge of cycles. It is therefore 
not surprising tliat the same problems have been attacked in Recent 
and sub-Recent deposits. References to papers may be found in 
Bradley’s excellent contribution (1929), and in Antci’s, 1925n. 

D. LONO-DISTAXCE CORHEIATIOK OF T.'inVE-SEniES 

Returning from tliis excursion into remote periods to the Pleisto- 
cene Ice Age it remains to be said that van'c-scries dating cither 
from the end of the Last Glaciation or from some earlier phase have 
been counted in many regions of the world apart from Fcnnoscandia 
and North America. As regards vaivc-sections dating from earlier 
phases of the Pleistocene, de Geer (1936) described some studied by 
Norin in the Sudeten Mountains, by Bettenstaedt soutli cast of the 
Harz Mountains, and by Fraser, Trotter, and Ting in Scotland. 
All these arc attributed to the Penultimate (Saale) Glaciation. Inter- 
esting though they arc and important though they may become in 
the future, they cannot be linked up irith definite dates at the 
present moment. They merely convey' an idea of the time required 
for the formation of a certain deposit, or a phase of a glaciation, but 
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we cannot say with certainty how many years before the present 
they were deposited. 

The same applies to a good many countings of varve-sections 
which are distributed over wide parts of the world and which are 
supposed to be of late Pleistocene age, i.e. roughly contemporary 
with the retreat of the last ice-sheet from Germany to the mountains 
of Scandinavia. Those from countries outside Scandinavia and 
eastern U.S.A. and Canada are contained in the following list : 

European Alps (de Geer, 19326; 1940, p. 227, pi. 90). About 25 
localities, no details published. 

Scotland (de Geer, 1935c, 1935d). At Dunning on the River 
Earn, south-west of Perth, 59 varves were counted. De 
Geer compared them with a series from Lyngby, near Copen- 
hagen and dated them as from — 4313 to — 4371 of the 
Swedish scale, or early Gotiglacial. 

Ireland (Charles worth, 1939). One himdred and twenty years 
counted at the Silent River reservoir and at Martin’s brick- 
pit, Belfast. Summer and winter layers distinct, 

Iceland (H. Wadell, in E. H. de Geer, 1928). 

Poland (Halicki, 1932 ; Krygowski, 1934 ; de Geer, 1935). 

Estonia (teste de Geer, 1940). 

Russia (Schostakowitsch,^ Perfiliev,® de Geer, 1940, p. 232, pi. 90). 

North-western Himalaya (Norin, 1925, 1926, 1927). 

Newfoundland (Limdberg, 1929). 

Southern Chile (Caldenius, in de Geer, 1929). 

Argentina (Caldenius, 1932, and in E. H. de Geer, 1927, 1934). 

New Zealand (Caldenius, in de Geer, 1940, p. 225, pi. 90). 

East Africa (Nilsson in de Geer, 19346). See Zeuner, 1945, p. 211. 

Teleconnexions. Readers, however, who study some of the 
papers enumerated in this list, will notice that the authors, and 
especially de Geer himself, hold a more positive view than that 
expressed above, and consider themselves justified in dating varve- 
series found, for instance, in South America directly on the Swedish 
time-scale. The agreement of the annual variations in varve- 
thiekness is claimed to be good enough for the purpose of direct 
correlation (de Geer, 1940, p. 35). Similarly de Geer (1926, 19356) 
correlated varve-series obtained in North America with those of his 
home coxmtry, dating the former in years on the basis of the Swedish 
time-scale. To this practice of correlating varve-series over wide 
distances de Geer applies the term ieleconnexion (see also p. 15). It 
is natural that the agreement of series from distant localities is less 
good than that of series from neighbouring localities, and similarities 
therefore are less easily detected. For this reason, de Geer employs 

* Reference not traced. 

• Reference to results not traced. Preliminary announcement, Perflliev and 
Chernov (1039). 



■40 


DATING THE PAST 


in 

the metliod of tlie ’ biennial maxima ’ described on p. 25 in order to 
simplify the curves and discover corrclntablc sequences. lie is 
satisfied that, in tliis avay, vnr\'e-scries of Nortli America, South 
America, tlic irimalay.as, East Africa, and Iceland, can be correlated 
%vith, and dated in years bj’ means of, the Swedish standard time- 
scale (fig. 11). It would indeed be a great help if this procedure 
were reliable. 

But quite apart from the question of whctlier the Swedish time- 
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no. 11. — ^PJots of biennial maxima (above) and a varve diagram, illuslrating 
de Geer’s practice of ‘ teleconncxion ’. Tlie lower diagram shows several of Uc 
Geer's sj-mbok (Uiick line, thin line, heavy cross, thin cross, minus sign for absent 
biennial maxima, &c., which are not always placed where one might expect to 
find them). The dotted line in the Toronto curs'c indicates a parcel of measure- 
ments shifted so ns to agree more closely with the lower cun-c, on the assumption 
tlint a varve is missing. 

The upper diagram shows series of biennial maxima, including the section of 
the lime-scale shown in the lower diagram, for Sweden (average curve), Manitoba 
and Toronto in Canada, and Argentina. — After de Geer, lOW. 
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scale can be regarded as final or not, serious objections have been 
raised against teleconnexions. Antevs in particular denies that 
teleconnexions are possible on the available evidence (1935). He 
says that the greater the distance between two localities the greater 
has to be the degree of accuracy required for the agreement of the 
curves, and expresses his view in the following words (slightly 
shortened) : 

The relative thickness of the varves primarily records the summer 
weather : thick varves signify warm, clear, and long summers ; thin 
varves denote cool, short, and foggy summers. However, the varves 
are not perfect records of the weather summer after summer, for the 
deposition of the clay and the thickness of the laminae were influenced 
frequently by other local conditions. Graphs from adjacent localities, 
however, usually match well. Those derived from ■widely separated 
localities in the same large lake, or from different lakes in the same 
limited region, normally show a less detailed, yet good agreement. 
Correspondence among curves diminishes, as the conditions of climate, ice 
wastage, and clay deposition diverge, and as the supply of meltwater 
and glacier mud changes. Finally, stages are reached when a considered 
correlation on the conformity among the curves is doubtful, or when 
no correlation can be made. The correlator himself decides when these 
border stages are reached. His responsibility is the greater, as the 
degree of correspondence that is needed to establish a correlation is 
reversed to the probable conformity of the graphs. Curves of adjacent 
clay deposits which were formed under similar conditions and which 
by striae, moraines, etc., are known to have been deposited at the same 
time may be correlated on much smaller resemblance than curves from 
widely separated regions. In other words, the more remote the clay 
localities, the greater conformity in the details of the curves is imperative. 

Antevs further shows that de Geer uses the term ‘ biennial 
maximum ’ in a very wide sense and that thereby agreement is 
sometimes introduced in the curves where other investigators would 
hardly be inclined to admit it. The results of studies in telecon- 
nexion, therefore, largely depend on the worker’s inclination to find 
resemblances in the curves voider consideration (fig. 12), and it is 
evident that correlations from continent to continent cannot, at 
present, be regarded as satisfactory. As yet, ‘ tele-dating ’ by 
means of varves can hardly be carried out successfully. 

There is another important point concerning teleeonnexion. 
The method implies that the summer-weather suffered the same or 
similar fluctuations in •widely distant regions, since the thickness of 
the varves depends on the melting effects of summer-heat. Meteoro- 
logical observations have not yet proved such parallelism of weather 
conditions between continents, and it is significant that whilst 
papers have been ivritten which were intended to demonstrate 
parallelism of weather development in North America and Europe, 
other papers undertake to prove the contrary, i.e. an alternation 
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(for Greenland and Europe, Loewe, 1937). Further meteorological 
research of this kind is an essential preliminary to teleconnexion of 
varve-series. 


E. CYCIiES IN VARVE-SERIES 

Cycle analysis. Before proceeding to the application of varve 
chronology to peat sections, raised sea-levels and, above all, human 
industries in Europe, the cycle phenomenon has to be considered. 
As in the case of tree-ring records, the variation in thickness of the 
annual layers in varve-sections is often to a certain extent periodical, 
groups of particularly thick or thin laminae appearing at more or 
less regular intervals. The average period of these cycles can be 
investigated by certain methods,^ and the periodicities discovered 
in this way may then be interpreted. The most striking of all is 
that which equals or approaches the sunspot cycle (11-4 years). As 
explained in the first chapter, it is frequently observed in tree-ring 
records. In varved deposits, however, it is decidedly rare. Antevs 
(1929fl) says that ‘ perhaps the most important result so far obtained 
from the analyses of the varve curves is the almost complete absence 
of the 11-year cycle in the curves studied by C. E. P. Brooks. The 
nearest approach to an 11-year periodicity is one of 10-4 years in a 
varve-series from Argentina, but even this has nothing of the com- 
pelling rhythm of the modem sunspot curve.’ Subsequently it 
became apparent that in phases with weak sunspots the 11-year 
cycle is often absent, and Antevs, Brooks, Douglass, Glock, and 
Reeds now agree that, instead, a 10-year cycle is more frequently 
observed in glacial varves (fig. 13). This is sometimes called the 
‘ dearth-cycle Its presence in tree-ring records of the seventeenth 
and eighteenth centuries was mentioned in the first chapter (p. 18), 
and it was found that diuring the same time the cycle of sunspote 
apparently was reduced to an average of 10'2 years (Douglass, 
1936). Moreover, Antevs (1929&) claims that the glaciers of western 
Norway expanded between the end of the seventeenth and the middle 
of the eighteenth century. Douglass, who analysed for cycles 
Antevs’s varve measurements from the Connecticut Valley (Douglass, 
1938), found in some 4,000 years of varve records only two good 
examples of the ll-year cycle, covering not more than about 400 
years. All this suggests that the weakness or absence of the ll-year 
sunspot cycle, and the presence instead of the 10-year dearth-cycle, 
may have something to do with deterioration of climate and with 
the increase of glaciers. One cannot state yet what the connecting 
factor actually is, though it is known that fluctuations of solar radia- 
tion are associated with sunspot fluctuations (p. 18). Several 
authorities therefore have suggested that fluctuations of solar radia- 

^A. E. Douglass has spent much time on designing and improving such 
methods. See bibliography of Chapter I, Douglass, 1936. 
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tion, among other factors, are figured in Uic varve records. De 
Geer even goes so far as to call his varve plots ' solar curves thus 
replacing in the term the observed phenomenon by one of its possible 
c-iuscs. 

Various other cycles have been obsers’cd in varve records. Some 
of them, as those of 23 and 50 years, arc reminiscent of similar cycles 
detected by meteorologists. A few of these cycles arc refcrr(^ to 
in the list of prc-Plcistocenc var\‘C deposits on p. 87, and others arc 
mentioned in the reports on the second conference on cycles (see 
An levs, 1929a, b). There is, however, one very long cycle which 
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no. 13. — The lO-ycar dcarth-^'ctc appearing in sunspots (S), tree-rings (T) 
and varves (V) from NorlJi America. These are not actual plots but diagrams 
showing the average frequeney of cycles in a large number of plots. A cycle 
of just over 10 years stands out strikingly in all three diagrams, but otiicnrise 
the varve diagram contains cycles which differ appreciably from those of the 
other two. — After Douglass (1033) and Clock (1037). 


needs to be discussed here, namely that of about 21,000 years. It 
has been observed in varved deposits by Bradley (1929) in the middle 
Eocene of the United States and by Korn (1938) in the lower Carboni- 
ferous of Germany, Furthermore, G. K. Gilbert (1895), who studied 
the regular alternation of limestone and shales in the upper Cretaceous 
of Colorado, came to the conclusion that this was caused by the 
astronomical rhj’thm knoivn as the precession of the equinoxes the 
duration of which is about 21,000 years (sec p. 18C). It is, in 
fact, most surprising to find the same rhythm in vai^'c shales of tivo 
other geological periods, and there confirmed by an actual counting 
of the annual layers. It ■will be shown later on that the precession 
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of the equinoxes had an important influence on the development of 
glacial and interglacial phases during the Pleistocene, and Bradley’s 
and Korn’s findings are extremely valuable evidence confirming the 
correctness of the astronomical chronology of the Pleistocene Ice 
Age and its human industries, which will be expoimded in chapters 
V to IX. 

The discovery of cycles of this kind has yet another bearing on 
our dating work. It shows that the length of the astronomical year 
has not altered, at least since the beginning of the Carboniferous. 
Otherwise, the shorter of the cycles observed could not agree so 
perfectly with corresponding cycles observed at the present day. 

Sxmmary. Summarizing briefly the results so far obtained by 
varve analysis the following points must be regarded as important. 

(1) De Geer’s method of analysing series of annual laminated 
deposits has provided a considerable number of shorter or longer 
time-scales in years, chiefly of late Pleistocene and Postglacial age. 

(2) The most complete is that of the late Glacial and Postglacial 
of the Baltic region. It covers about 10,000 years and is linked up 
with the modern historical calendar. 

(3) In North America a corresponding though less complete 
calendar has been worked out and suggestions regarding the age of 
man in America have been based on it. 

(4) Cycle analysis has detected in varved deposits the sunspot 
cycle and that of the precession of the equinoxes among others, and 
thus provided evidence for solar influence on climatic fluctuations. 

(5) It is necessary, however, to emphasize that the accuracy 
expressed by the use of exact dates a.d. and b.c. is largely fictitious. 
Whether the Baltic Ice Lake was drained in — 1073 = 7912 B.c., is 
doubtful, but it is most convenient to accept some such date to 
construct the time-scale on. De Geer himself has frequently used 
round figures instead of accurate dates. The time-scale used in the 
present book hinges on Liddn’s work on the Angerman River and 
on de Geer’s latest pronouncements and corrections of earlier datings. 

A further source of uncertainty lies in the correlation of the varve 
curves themselves. A glance at figs. 7 or 12 will show that the 
resemblance of the correlated sections sometimes leaves much to be 
desired, especially with regard to sections from different continents. 

(6) In Denmark and some other places the annual character of 
the varves has been questioned. 

Thus, varve chronology promises to produce results, and the 
time-scale for the last 10,000 years appears to be trustworthy. But 
more systematic research is needed to strengthen and to straighten 
out the fabric of cross-dated local chronologies. 


3 
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CHAPTEK III 

APPLICATIONS OF VARVE ANALA’SIS IN THE DATING 
OF PEAT-BEDS, AND ANCIENT BEACHES OF LAICES AND 
SE.AS, CONTAINING HUMAN REMAINS ASB LMPLEMENTS 

Inirodttciion. As in other geological dating work so in the 
chronologj* of the Postglacial and late Glacial, an intermcdiarj* 
‘ relative chronology ’ is required which places the various human 
Industries in relation to climatic or other geological phases estab- 
lished by geological evidence. As usual, the correlation of the 
archaeological finds with climatic phases has been the dominant 
subject of study, and the number of cases in which the absolute 
time-scale can be applied is decidedly small. These cases, however, 
serve as fi-ved points and therefore are important. Generally speak- 
ing, two ways are available for linking up prehistoric finds and 
van’c-countings. The first applies to finds made in Fcnnoscandia 
on raised beaches which represent certain phases in the evolution 
of the Baltic Sea which, in turn, can be correlated with vaiwc- 
sections. The other relics on finds made in peat or otlicr organic 
or semi-organic sediments. The climatic phase during which these 
layers were formed is often determinable by means of botanical 
investigation, and, since the climatic development of the late Glacial 
and Postglacial depended on the recession of the iee, connexions 
with the phases of the Baltic, with certain moraines, or even with 
sections of varv'cd clay, may be established. It is evident that, 
in this manner, varve dates can be linked up witli certain events 
in climatic history and therefore with certain archaeological hori- 
zons, but owing to the several intermediaries the dating work is 
bound to progress slowly, and the results are usually reliable within 
certain limits only. Inaccuracy is introduced by the drawbacks of 
vars’c-counting itself (with its chances of missing varves and of 
counting the same scries twice in different sections), by the dilficultj' 
of correlating sea-levels with the varves, the possibility of a time- 
gap between beach-formation and human occupation, the possibility 
of objects in pcat-scctions sinking through soft layers or being 
othenvise dislocated, and otlicr factors. It is therefore not surprising 
that the calendars proposed by various workers do not agree entirely 
and are regarded as tentative by the authors themselves. As research 
goes on, however, evidence accumulates, and though the individual 
results may not be entirely satisfactory, if taken together they do 
afford information regarding the time during which a cultural phase 
was at its climax. T. Nilsson (1935) has demonstrated this for 
Scania (fig. 25), where the majority of finds belonging to some 
cultural phase are concentrated in certain levels of the peat 
sections. 
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From the Bronze Age onwards indirect historic dating greatly 
predominates over geological dating, and an unfortunate tendency 
of dating geological horizons by means of archaeological finds is 
sometimes observed. 

Before reviewing some of the important localities a few more words 
have to be said about the two chief ‘ intermediaries namely the 
raised beaches and the pollen-contents of peat-sections. 

A. RAISED BEACHES OF THE BALTIC 

The two causes of changes in area and geographical position 
of the Baltic are (1) the eustatic rise of sea-level and (2) the isostatic 
uplift of Fennoscandia. 

Eustasy. (1) As the ice was melting at the end of the Last 
Glaciation, a large quantity of water, hitherto stored in the form of 
ice, returned to the ocean. The general water-level was thus made 
to rise gradually. Correspondingly, when a glaciation began, much 
water was absorbed in forming the ice-caps, and the sea-level 
fell. Such movements of the sea-level are called eustatic, and the 
phenomenon, glacial eustasy. 

Isostasy. (2) On the other hand, as the process of melting went 
on over Fennoscandia towards the end of the Last Glaciation, the 
earth’s crust in this particular area was gradually released from the 
considerable weight of the ice-cap. Under this weight, Fennoscandia 
had been elastically depressed during the glaciation and, as the ice 
was waning, the region responded and gradually rose again. It 
did so much more in the central parts than near the periphery 
(fig. 14). This ‘ isostatic ’ reaction, which still continues, inevitably 
influenced the geographical position of the Baltic Sea. In the 
early stages, when Scandinavia was deeply depressed, the Baltic 
covered a large portion of southern and middle Sweden, but as 
this zone emerged, the Baltic tended to spread southwards. At 
the same time (and this is the main point in connexion with dating) 
the beach-lines of the earlier phases were lifted up in Fennoscandia, 
and the more so the nearer they were to the centre of the uplifted 
region. The fossil shore-lines, therefore, of the Ice Lake, Yoldia 
Sea, and other stages of the Baltic now are no longer horizontal 
as they certainly were when the sea was building them. Instead, 
they rise northwards or inland as shown in fig. 15. This fact enabled 
workers in Finland and Scandinavia to reconstruct the development 
of the Baltic basin in great detail (Sauramo, 1939, 1955).^^ 

Thus, the entire history of the Baltic can be interpreted as 
the result of the interplay of isostasy and eustasy. 

Raised beaches of the Bailie. Bailie Ice Lake. In the region sur- 
rounding the waning ice-sheet of Fennoscandia a series of raised 

^ Numerous earlier papers on the subject will be found in the Bull. Comm, 
giol. Finlande. For geophysical disciKsion of isostasy, see Gutenberg (1941). 




TIG. 14. — Map of the Baltic Repion showing the isostatic rising of the beach 
of the first Rhabdonema Stage (Rha I) since" about CSOO B.c. Tlie centre of 
upheaval is a small area on the west coast of the Bothnian Gulf where this shore- 
line has by now risen to 2j0 metres above the sea-level. The amount of uplift 
decreases radially, and from Lake Ladoga through the Gulf of Riga to south 
Scania runs the hingclinc along which the ancient beach has retainctf its original 
height- South of this line no movement, or even submergence, has taken 
place. — -After Sauramo (1930). 
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nos. 10-10. — Four stages in the development of the Baltic Sea. 


no. 10. — ^Tlic Baltic lee Lake at about 8800 n.c. Water escapes through the 
Billingen Gap. Climate of the lee-free region subarctic (Younger Dryas Time). 
This IS the geographical background of early Jlcsolithic man (Ahrensburg, 
Lyngby, <ltc., cultures). 


beaches was formed in late Glacial and Postglacial times.^ During 
the maximum of the Last Glaciation the depression which is now 
filled by the Baltic Sea was entirely covered with ice, but when 
the ice-margin had retreated to some extent, a lake was formed 
which was supplied ivith meltwater and not yet connected with 

' The same opplics to the North American ice-sheets (pi. VI, figs. A, B). 
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FIG. 17. — ^The Yoldia Sea at about 7900 b.c. South Scania connected with 


Denmark. Wide connexion witii the North Sea. By about 6800 b.c., the ice 
had melted away to form two small separate areas (‘ bipartition ’ = de Geer’s 
zero point), and the Bothnian Gulf had become part of the Baltic. This later 
phase is the ‘ First Rhabdonema Stage ’. Climate of the ice-free region subarctic 
to Preboreal. This is the geographical background of Mesolithic man of the 
aiuUerup, or Maglemose culture. 


the ocean except by an overflow. This earliest phase is termed the 
Bdliic Ice Lake (fig. 16) ; it ended when the ice had receded sufficiently 
to free the Billingen Gap in southern Sweden. This event was 
connected with the retreat from the Central Swedish Moraine, and 
it produced a sudden lowering of the Ice Lake level by about 28 metres 
(year — 1078 of de Geer’s chronology, p, 28). 
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no. 18. — ^Tlie Ancj-lu-s Lake at about CGOO n.c., drained by Svea River and 
Narkc Sound. Climate Bore.a]. Jlaglcmosc culture continuing. 


Yoldia Sea. Saltwater now entered the Baltic,^ but owing to 
the presenec of ice along its northern shores the temperature was 
still low, and arctic and subarctic shells lived in the water. Among 
them was the genus Yoldia after which this stage is called the Yoldia 
Sea (fig. 17). 

Ancylus Lake. These conditions did not prevail for long, and 
in consequence of the isostatic upheaval of Scandinavia temporarily 

* The complicated oscillations established by Sauramo (1934, 1030) arc 
omitted here. See also Wright (1037, pp. 334-8). 
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riG. 19. — An early stage of the Litorina Sea, at about 5000 b.c. Connexion 
with the North Sea through the Danish Sounds as to-day. Climate Atlantic. 
Following the ErtebOlle or Kitchen-midden culture, Neolithic man appeared. — 
Several transgressions and minor regressions occurred. They were followed by 
a major regression, chiefly in the north and largely in connexion with the isostatic 
rising of Fennoscandia. 


proceeding at a faster rate than the eustatic rise in sea-level, the 
Baltic once more became separated from the ocean, forming a lake 
with its stirface about 30 metres above the present sea-level and 
with an outlet along the Svea River (von Post, 1928). After a typical 
genus of mollusca this second freshwater phase is termed the Ancylus 
Lake (fig. 18 ; for details, see Note (6), p. 403). 

Litorina Sea. Later on, as the rise of the land slowed down 
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relative to tlic rise of sen-level, nn open eonnexion was rc-cstnblislicd 
with the North Sen, this time no longer neross southern Sweden, 
but through the Danish Sounds only, whilst the southern (north 
German) coasts were partly submerged. This is the Liloritia Sea 
(fig. 10) with the Lilorina iramgres^on, nnmed after the Common 
Periwinkle {LUoriua littorea L.). 

The interference of this eustatic rise of the sea with the isostatic 
rise of the land had the result that the maximum transgression 
(which produced the highest Litorina beach-line) occurred at different 
times in different areas. In the north (e.g. in Finland), where 
the isostatic rise was rapid, the first Litorina beach represents the 
maximum of the transgression ; it has since been raised to a con- 
siderable height, at a rate which was greater than that of the rise 
of the sea-level (fig. 15). 

In the south, however (e.g. in Denmark), the rise of the land 
(if any) was slower than that of the sea, so that the sea gained on 
the land until, after several oscillations, the eustatic maximum 
was reached. Here, the highest Lilorina beach is therefore the 
latest. 

The ‘ Litorina maximum ’ has, in the past, often been regarded 
as an event which proved contemporaneity all over the Baltic. That 
this is not so has been established by Troels-Smith, (1037, 1912), 
1%'crscn (1937) and others. Details of the transgressive phases of 
the Litorina period in Denmark arc discussed in Ciiapter IV (p. 78). 

Limnaea and Mya phases. The present-day bench-line is, ns a 
rule, below the liighcst Litorina level everywhere around the Baltic. 
Since the outlines of the present Baltic were established by the 
Litorina transgression, one might say that this stage still continues. 
Actuall}', its later sub-stages have received special names, Limnaea 
phase, and Mya phase, respectively. 

This, in a very few words, is the story of the Baltic Sea. Detailed 
research has revealed a great many complications and the actual 
course of events was not so simple as outlined above. Those in- 
terested in the matter may be referred to Sauramo’s latest work 
(1939) for Finland, and that of Iversen and Troels-Smith for 
Denmark. 

Prehistoric sites on ancient beaches. Many phases of the Baltic 
are closely connected with deposits of varved clay formed in the 
neighbourhood of the ice-margin which, for a considerable time, 
itself formed the northern shore of the sea. hlorcover, Sauramo 
and de Geer found that changes of salinity, ns they occurred for 
instance when the Ice Lake was replaced by the Yoldin Sea, left 
their traces in the varved clays. For these reasons certain ancient 
shore-lines could be dated in years (compare fig. 15). On the other 
hand some of the prehistoric sites, especially those of the Kitchen- 
midden culture (Ertebollc) are situated on certain ancient beaches 
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and their industries have not been found below the height of sea- 
level corresponding to these beaches. The example of the Esbo 
and Kyrkslatt district in southern Finland (fig. 20) is clear enough. 
Here, kitchen-midden dwelling-sites are almost entirely restricted 
to the shore-line indicating the highest level of the Litorina Sea 
at an altitude of 34 metres. Elsewhere, this sea-level has been 



no. 20. — ^The dwelling-places of the Kitchen-midden culture in the district 
of Esbo and Kyrkslatt in south Finland, in relation to the beach-line of the 
maximum transgression of the Litorina Sea. 

\Vhite : Land during the Litorina phase. 

Black : Water at the present day. 

Hatched : Areas submerged during the Litorina phase. 

Black circles ; Kitchen-midden sites. 

Squares ; Present-day settlements. 

The association of the Kitchen-midden culture with the beach-line of the Litorina 
Sea is evident. — After Europaeus, and Sauramo, 1929. 

correlated with varves and dated in years. It is in this indirect 
way that a number of prehistoric industries in the Baltic region 
and on the west coast of Scandinavia have been dated. Results 
thus obtained will be described later on, after an outline has been 
given of the second important intermediary method required to 
establish a late Glacial and Postglacial chronology. 
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V. liOTAN'ICAI. jrr-TUODS AND CLTJWTIC TIIASES 

This other line of research is almost entirely botanical and 
based on tlic lake and peat deposits which have accumulated since 
tJie ice receded from the area under investigation. In a few important 
eases such deposits were found resting on varved clays or on raised 
beaches, or they could be safely connected with either of these or 
with moraines. The results of vnrve-countings, therefore, could 
be applied and approximate dates in years obtained for the deposits 
as well as for any enclosed prehistoric industries. 

Lahe dcpoinl.'! and peats. The lake deposits and peats arc studied 
in the first instance in order to reconstruct the plant associations 
which, in turn, indicate certain climatic conditions. The deposits 
in question maj- be classified as follows (based on Gams, and Godwin, 
1938 ) : 

I. Freshwater deposits : 

cluefiy deposited from moving water, with little or 

Clay J action of organisms. 

Marl : clay with a large amount of calcium carbonate which 
sometimes is of organic origin. 

Nckron mud (gyttja, sapropel) : chiefiy organic lake deposits 
derived from plankton and other organisms. 

Gel mud (dy) : colloidal humic material often derived from 
peat bogs, carried in solution by the water, and pre- 
cipitated. 

II. Peats growing under or at the water level : 

Phragmites peat (peat formed by the Common Reed and 

similar plants growing in shallow water). 

Eqnisctum (horse-tail) peat and other varieties. 

III. Peats groudng above the water level : 

Sphagnum peat (moss peat). 

Calluna peat (heather peat). 

Pine-bog peat. 

Brushwood peat. 

Grass-bog peat. 

Eriophonim peat (Cotton-grass peat). 

Of these sediments by far the most important are the various 
kinds of peat.^ The second in importance are the nekron muds. 
Plant remains are, as a rule, abundant, especially the minute grains 
of wind-transported pollen caught on the wet surface of the bog 
or the water itself. Remains of leaves and seeds also are found 
frequently. In addition, diatoms, remains of insects, fishes, &c., 
may be observed, but it is the contents of tree pollen that afford 
the real basis for a climatic analysis of the deposit. 

* A useful summary on peats is by Fraser (ID 13). 
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Macroscopical plant-remains. The coarser remains of plants 
contained in the sample are washed out and examined macroscopic- 
ally or under a low-power microscope, and seeds and leaf-remains 
are determined. Before the time of pollen-analysis this was the 
only method used. It was brought to high perfection by Clement 
Reid in his studies on the Pleistocene flora of Britain, and by Blytt 
and Sernander in Scandinavia. 

Technique of pollen-analysis. In the finer material, fossil pollen- 
grains occur, having been brought in large numbers by wind. The 
pollen-contents of a peat are more or less characteristic of the tree- 
associations that grew in the neighbom-hood of the spot under 
investigation, and it is therefore worth while to submit them to 
a close examination. This method, developed chiefly by Lennart 
von Post and now used very mdely in many countries, is called 
pollen-analysis. See Note (12), p. 406. 

For the analysis a small quantity of the material is treated 
with sodium or potassium hydroxide or some other dissolving agent 
w'hich removes most of the organic matter but leaves, the pollen which 
is extremely resistant. Centrifuging is often useful to separate the 
light pollen from the heavier grains of inorganic matter. The pollen is 
then studied under a microscope, the grains of each genus or species 
present are counted and the percentages of frequency calculated. 

Presentation of results. In tabulating the result many authors 
exclude the hazel {Corylus avellana) from the total of 100 per cent, 
and instead add it as a supernumerary component, as shown in 
the following instance : 


Depth (cm.) | 

Pine 

Spruce 

Alder 

Birch 

^V^IIow 

Mixed Oak 
Forest 

Hazel 

(I) 

85 

6-7 

74-0 

100 

4-4 

, 

4-7 

15-3 

(H) 

100 

17-3 

62-7 

5-3 

3-3 

— 1 

11-3 

4-7 

(G) 

115 

8-7 

58-7 

180 

5-3 

1 

9-4 

12-7 

(F) 

180 

120 

58-5 

13-5 

4,5 

0-5 

11-0 

35-5 

(E) 

145 

64-4 

32-2 

3-9 

2-4 

0-5 

60 

12-2 

(D) 

160 

840 ' 

12-7 

1-3 

20 

1 



8-7 

(C) 

175 

83-5 

2-5 

10 

8-5 

3-5 

0-5 

30 

(B) 

190 

74-5 

1-0 

— 

12-5 

120 



1*0 

(A) 

205 

95-0 


— 

4-5 

0-5 

1 



Table showing the pollen-contents of the AVeisswasser bog, Glatzer Schneege- 
birge, Sudeten Mountains. From L. Stark, Bot. Jahrb., vol. 67, 1936. — Illustrates 
the method of excluding the hazel from the total of 100 per cent. It also shows 
the early Postglacial development of vegetation in Central Europe, from a pine- 
phase (A), pine-birch-phase (B), hazel-phase (F), to the mixed-oak-forest (H). 
Superimposed on this development is the immigration of the spruce, a tree 
preferring a continental climate and typical of mountainous regions in Central 
Europe. Tliis bog is 830 metres above sea-level. 

The reason for this procedure is that hazel produces pollen in 
great abundance. It therefore tends to dominate in samples derived 
from spots close to which one or a few hazel-shrubs were growing, and 
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its frequency cannot always be regarded as representative of the 
frequency of the species in the plant association. To a lesser degree 
the same applies to other species also, and this is why some workers 
prefer to treat all groups on an equal footing. Only where pollen of 
grass and herbaceous plants are included in the diagram, is it usual 
to add these as a surplus to 100 per cent. 

One of the principal aims of pollen-analysis is to study the 
changes in the composition of the tree- or forest-flora. It is there- 
fore most essential to investigate complete sections from which 
samples are taken at close intervals. A single sample cannot show 
the alterations in the composition of the flora in the coimse of time, 
though in well-investigated districts a trace of peat on an imple- 
ment that has been kept in a collection for many years, may be 
sufficient to identify the level from which it came (compare 
Nilsson, 1935). 

The results of pollen-analyses are often given in the form of 
diagrams rather than in tables (compare von Post, 19296). Certain 
S}Tnbols are used for the various kinds of pollen, as for instance 
in fig. 31. The use of different symbols is avoided in another kind 
of diagram which shows each species separately. Naturally, the 
scale is smaller, but the changes stand out very clearly (fig. 83). 
For use on maps, circles are the appropriate means of demonstration. 
A circle with sectors giving the frequency of the most important 
species in the local pollen-spectrum can be inserted on a map exactly 
where the locality lies, and maps constructed in this way are 
eminently suitable for regional work (figs. 22, 23). Some authors 
use one map for each genus or species of tree and vary the size of 
the circles with the frequency of the pollen in the local spectrum 
(fig. 24), The circle methods show the essential features at a glance, 
but inevitably they are less accmate, and they cannot entirely 
replace tables or large-scale diagrams. 

For the purpose of understanding the chronological import of 
pollen-analysis there is no need to go into greater detail. Those 
who are more particularly interested in the matter may be referred 
to Godwin’s (1934, 1941) and Erdtman’s (1943) summaries of the 
method and its potentialities. Fiurther treaties on the principles and 
practice of poUen-analytical datings have been published in many 
countries. Bertsch’s (1942) Lehrbuch comprises an excellent atlas. 
The most up-to-date text-book is by Faegri and Iversen (1950). 

Climatic phases of the Postglacial. As a result of intensive 
research it has become clear that the climate has undergone marked 
fluctuations since the Last Glaciation. They were first recognized 
in the latter half of the nineteenth century by Blytt and Sernander 
who worked on the macroscopic remains of plants in southern 
Scandinavia, and they have since been largely confirmed by pollen- 
analysis. 
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riGs. 22 nnd 23. — ^Tlic percentage pollen composition of samples of the late 
diagrams of the sectorial tjTie, OGO degrees being equal to 300 per cent. The 
Birch. Hatched : Alder. Crossed : Mixed Oak Forest. 

The columns on the right of each figure are analyses of comparable age from 
is shorm at its proper geographical latitude. They arc (1) GOteborg, Sweden, 
Germany, (5) Valthermond, Holland, (C) Socsterccen, Holland, (7) south Belgium. 

Bcproduccd from Godwin (103*1, 


Late Glacial phases. Blytt and Scmandcr’s original subdivisions 
comprise (1) a Subarctic phase follovung immediately after the 
retreat of the ice from the region under investigation. The term 
* subarctic ’ is not satisfactory since the climate must have differed 
from the present arctic climate owing to the much lower geographical 
latitude. The term ‘ subglacial ’ has been suggested by Hyyppa. 
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Boreal (22) and early Atlantic (23) in tlie British Isles. Represented by circular 
hazel is exempted and shown by subsidiary circles. Black : Pine. White : 


lowland stations on the North Sea border of the Continent and the Baltic. Each 
(2) Schona, south Sweden, (3) Zeeland, Denmark, (4) Dannenberg, north-west 

figs. 18, 19), with permission. 

It is pre-occupied by its use in connexion with meltwater channels. 
It appears best, however, to use the term Late Glacial. Preboreal, 
which was sometimes applied to part or the whole of the Late Glacial 
phase, is now applied to the transition to the Boreal phase, and usually 
placed at the beginning of the Postglacial period. 
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TIic Lntc Glacial (subarctic) plinsc begins with t!ic earlier Dn/as 
time, so named after a characteristic plant found in tundra-like 
environments. Treeless biotopes with tundra and grasslands pre- 
vailed though dwarf srillows and birches, and perhaps a few pines, 
were present. The older Dryas time, the duration of which may have 
been considerable, appears to comprise one or more minor fluctua- 
tions, such as the Bolling oscillation of Iversen (1942), the BrondmjT 
intcrstadinl of Faegri (1940) and the * Allcrod I ’ which Gross (1937) 
found in East Prussia. 

AUerdd oscillation. In manj' localities, the earlier Dryas time is 
followed by a verj’ remarkable oscillation, called the Allcrdd oscilla- 
tion. This was a time with climatic conditions more genial than 
before and after, when trees were able to grow in places from which 
they disappeared once more during the later Dryas time. In other 
words, it appears to have been a phase with a generally higher tem- 
perature, or with a continental climate with hotter summers and 
possibly colder winters. In the vaia'C chronology, the AJlcrod 
oscillation is placed at about 9000 to 10000 n.c. by Milthers, the ice 
having been on Danish soil as late ns a little before 11000 n.c., whilst 
the later Dryas time corresponds to the Fcnnoscandian moraines. 
The Allcrod fluctuation has been discussed by Godwin J1947) and 
Firbas (1949), 7 ^ 

Blytt and Sernander's subdivisions. The remainder of the Post- 
glacial was divided by Blytt and Sernander into four parts, namely 
the Boreal phase, which was of a continental character, compara- 
tively warm and dry; the Atlantic pliasc, which was oceanic in 
character, humid and mild ; the Subborcal phase, supposed to have 
been drier and more continental ; and finally the Subatlantic phase, 
which is marked by a return to cooler and more oceanic conditions. 
The continental character of the Subborcal has since been doubted 
and some recent authors consider it as merely a phase transitional 
betsveen Atlantic and Subatlantic (see pp. 64, 107). According to 
von Post (1924) the evolution of the forests of south Sweden during 
these four phases may be summarized ns follows. 

(1) Boreal. At the beginning of this period there immigrated 
the first forest-forming trees requiring a comparatively warm climate. 
{Preboreal). The dominating types of the Boreal forest were made 
up of pine and birch, with alder and mixed oak forests (forests with 
elm and lime in addition to oak) as generally subordinate associates. 
In parts, hazel woods had a great c.vtension. Later during the 
Boreal, mixed oak forests and forests of the river-floodplain type 
(‘ Auwaldcr ’) spread and replaced the hazel woods. 

(2) Atlantic. The mixed oak forests culminate, and the hazel 
now mainly occurs as undergrowth. No regional differentiation is 
obsctv’cd in south Sweden except that determined by latitude and 
character of the soil. 
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(3) Subboreal. The mixed oak forests, alder and hazel now begin 
to retreat. The reduction of the mixed oak forest is less striking 
in south-west Gotaland where Quercus sessiliflora now begins to 
increase. Pine also increases. Beech (Fagus silvatica), hornbeam 



FIG. 24. — ^Distribution of beech and hornbeam during the middle Subatlantio 
in Scania. Frequency shown by the size of the black circles, the largest being 
80 per cent., the smallest 1-3 per cent. Small white circles indicate localities 
from which the pollen in question is absent. At this period the two trees occupied 
several localities north of their present area of continuous distribution. — After 
von Post (024), slightly simplified. 

(Carpinus beiula) and spruce {Picea excelsa) are added, but as yet 
are rather subordinate as forest-forming elements. 

(4) Subailaniic. The retreat of the mixed oak forest continues. 
During the middle of this period the beech culminates in the south- 
west of the region, replacing the hitherto dominating Quercus sessili- 
flora. The spruce continues to extend its area. 
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lifgionttJ applicahilily of subdivisions. More or less similar sub- 
divisions can be distinguished not only in soutli Sweden generally 
but for instance in Finland, north and south Germany, and the 
British Isles also. Even in the area of the North Sea Uic Boreal 
is well knou-n from the Dogger Bank (see Godwin, 193 t, p. 841), 
from whieh a fair amount of peat has been dredged and studied. 

7'hc. Grcnzhorizonl and the Subhorcal. The conception of the 
Grenzhorizont (‘ boundary horizon ’) was introduced by Weber about 
1910 for the north-west Gennan succession. At the horizon so named 
a change was obscrs'cd from highly humified older peat to a less 
humified Spliagnuin-pcat, Weber interpreted it as the result of a 
period of sub-aerial weathering, during which the older peat disin- 
tegrated. It therefore would represent a drj' period, and this was 
generally thought to be the Subboreal of Blytt-Scrnandcr. This 
view was for some time current, especially in Germany, though there 
were dissentient voices. A different explanation of the Grenzhorizont 
emanated from Sweden, according to which it is due to a change in 
the rate of peat-growth from a slow one (allo\s’ing humification to 
begin in the layers near the surface) to one so fast that the structure 
of the plants is more completely prcscrs'cd. Moreover, sections with 
several such horizons were found, and they were re-named ‘ recur- 
rence ’ levels {Itccurrcnzjldchen ; for Sweden, see Granlund, 1932). 
It has since been found that the recurrence surfaces regarded ns 
Weber’s Grenzhorizont are not contemporaneous ; lienee their value 
as evidence for the * dry ’ character of the Subboreal is very doubtful. 

The climatic character of the Subboreal is perhaps more clearly 
prcsen’cd in the areas away from the wet habitats of the peat bogs 
which have so far pro\'idcd most of the climatic evidence. In the 
Rhine valley and elsewhere in central Europe, buried soils suggest 
a period of comparatively hot summers comprising the ‘ End- 
neolithikum ’ and Urnficld periods (Lais, 1940 ; Zeuner, 1951). 
Tliis non-botanical e\ddencc deserves to be taken seriousl}'’, as it 
prorddes a check independent of pollen-analysis. 

Ncio detailed subdivisions. Sreeden. In recent years a new series 
of subdivisions has been worked out which embodies more details 
and at the same time enables one to avoid Blytt and Sernander’s 
terms which many w'orkers consider as unsatisfactory partly because 
of the doubtful character of the Subboreal. It was elaborated for 
middle Sweden (von Post, 1928) and by Nilsson (1935) for Scania 
(south Sweden), and may be summarized as follows : 

A. Postglacial 

I. Climax of beech forest. 

II. Beginning of beech forests. 

III. Transition from the period of mixed oak forests to that of 
beech forests. 
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IV. Mixed oak forests, late phase. Elm and lime play a more 
subordinate part compared with oak, 

V. Early phase of fully-developed mixed oak forest. Oak 
dominant, but elm and lime frequent. 

VI. Transition from VII to V. Elm dominant or alternating 
with oak. Lime increasing. 

VII. Beginning of alder-mixed oak forests. Alder increases at 
the base and dominating in the middle of this zone. Mixed oak 
association increases, hazel decreases. 

VIII. Hazel zone. Mainly birch, pine and hazel, pine attaining 
its Postglacial climax. 

IX. Birch-pine zone. Birch dominates over pine. 

B. Late Glacial 

X. Younger Dryas Time. Much less pollen than in Postglacial 
zones. Birch more frequent than pine. 

XI. Allerod phase. Pollen more frequent than in X and XII. 
Birch dominates over pine. 

XII. Dryas Time. Pollen rare. Pine dominates over birch. 

Denmark. Jessen (1935) has introduced new divisions for Den- 
mark, Unlike von Post’s and Nilsson’s Swedish zones, his zones 
are counted from the lowermost upwards as follows : 

B, Postglacial period 

IX. Beech zone (Subatlantic). Beech the typical tree ; spruce 
in north Jutland. Earliest strata indicate swamping of the relatively 
dry surface of the Subboreal bogs. Iron Age finds always above 
this limit. 

VIII. Later part of the Mixed Oak Forest zone (late Atlantic 
and Subboreal). Latest Stone Age, and Bronze Age. 

VII. Early part of Mixed Oak Forest zone (larger part of 
Atlantic). Flourishing of oak forests. Lime prominent. The 
Litorina transgression, the Ertebolle (kitchen-midden) culture and 
presumably the earlier part of the Neolithic belong to this phase, 

VI. Hazel zone (Late Boreal). In most diagrams a high maxi- 
mum of hazel occurs. Pine reduced ; elm, oak, alder and lime 
increasing, Maglemose culture. 

V. Pine zone (Early Boreal). Pine dominates. Maglemose 
culture. 

IV. Birch-pine zone (Preboreal, or transition from Subarctic 
to Boreal). Birch dominant, pine increasing. Norre-Lyngby arrow- 
head presumably from beginning of this zone. 

A. Late Glacial 

III. Later Dryas period (Upper Dryas clay), Dryas flora. 
Maximum of pollen of pine and willow, but pine pollen probably 




no. 25. — Tlie stratigraphical distribution of nrchacological finds in Scania. 
Objects dated typologically were fitted by Nilsson into tlic climatic sequence on 
the evidence of ^llcn found attached to them. Since many objects were con- 
taminated, or had been displaced by sinking into a lower borison or by oUier 
disturb.mces, the stratigraphical Tcoopds sometimes cover a period far surp.assing 
tlic actual period of use of the object. Taking into consideration the degree of 
precision obtainable in the various localities, Nilsson arrived at the geological 
dates given in the column on the extreme right. 

_ Tlie terms of the top row of Uie table explain themselves, except * worked ’ 
reindeer, elk and red deer, which refer to axes made of these materials ; • har- 
poons ’ meaning bone points, and ‘ bird arrows ' meaning bone points fitted with 
Hint. — B.TScd on Nilsson (1035). 
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derived from some distance, no macroscopic remains of pine having 
been found. The same applies to II and I. Lyngby culture. 

II. Allerod oscillation. Birch forest. Maximum for pollen of 
birch. 

I. Earlier Dryas period (Lower Dryas clay). Dryas flora. 
Maximum for pollen of pine and willow. 

These subdivisions have proved to be particularly convenient. 
They have been applied (though with different numbering) to Eng- 
land by Godwin, as will be shown later on (p. 92). For further 
details concerning Sweden and Denmark, compare p. 76. 

Posiglacial climatic optimum. So far, one important observation 
has not yet been mentioned here, namely that of a distinct maximum 
in the spreading of warmth-loving plants in Europe. At some time 
dining the Postglacial, certain warmth-loving plants were more 
widely distributed than at present, reaching higher latitudes as 
well as higher altitudes. A climatic explanation has been put 
forward for this phenomenon. A valuable account of the evidence 
was provided by Bertsch (1985), and a chapter in W. B. Wright’s 
book on the Quaternary Ice Age (1937) is devoted to what is generally 
called the Postglacial climatic optimum. Bertsch mentions no fewer 
than twelve species which at some time during the Postglacial 
extended farther north than now in the Baltic region. Particularly 
interesting are the hazel (fig. 26), and the Slender Naias (Naias 
flexilis, fig. 27). In the Alps the retreat of the flora since the climatic 
optimum is equally obvious. Here, the limit of the trees was two 
to four hundred metres higher than at present, and the limits of 
the more sensitive species were correspondingly higher than now. 
From observations made in Scandinavia Andersen calculated that 
the annual mean temperature has dropped by 1-9-2-7 C. since 
the Postglacial optimum, and Bertsch arrives at 2-0-2-5 C. for 
the Alps. 

The maximum of this warm phase of the Postglacial coincides 
in many regions with the later part of the Atlantic, hut evidence 
for conditions warmer than now extends over a long space of time, 
from the Boreal to the Subboreal. The maximum seems not to 
have been reached everywhere at the same moment. It may be 
that optimum conditions occurred earlier in south Germany than 
in Scandinavia. Bertsch dates them for south Germany at about 
8000 B.C., during the Mesolithic (Boreal), whilst in Sweden they 
coincide with the Atlantic phase, at about 4500 b.c., and in Denmark 
they are supposed to have occurred between 1000 and 2000 b.c. 
during the Subboreal. Some of these differences may be due to 
misinterpretation of evidence, but to some extent they seem to have 
a sound basis. Emiliani (1955), using 0^®, gives 4000 B.c. 

Pollen-analysis vi North America. Thanks to the efforts of Paul 
Sears, pollen-analysis has been taken up in North America also. 
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In a recent summary of this work by Cooper (19 12) it is shomi that 
on that continent the climatic sequence was ‘ from glacial through 
boreal to a warm and jirobably dry middle period, followed by 



FIGS. 2G and 27. — Two examples of rcslriction of distribution after Uie Boreal 
present-day distribution, from which fossil finds of Postglacial age have been 

no. 20. — Hazel (Conjtus avellana B.). In Boreal times tliis shrub covered 
large areas in central Sweden and central Finland from which it has since dis- 
appeared. Tlie hazel may have played an important part in the economy of 
the food-gathering Mesolithic tribes, and their replacement by Neolithic people 
may be connected with the setback the hazel suffered with tlie beginning of the 
Atlantic phase. 


a return to the cooler and probably moistcr conditions of the 
present’. Cooper advises caution, however, in calling the middle 
period drj', since evidence for dryness apart from warmth is t'cry 
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scanty. Raup (1937) has inferred from the contemporary plant 
distribution that a warmer and drier period occurred in New England 
within the past 3,000 years. 



Phase. Black : present area of distribution. Hatched : area outside the 
recorded. — ^Both figures after Bertsch (1935). 

no. 27 . — Naias flexilis Rostk., an annual monocotyledonous freshwater 
plant. It is now frequent all over North America and requires warm summers 
for the ripening of the seed. During the Boreal it had a wde distribution in 
Scandinawa and Finland but is now restricted chiefiy to the south-east side of 
the Baltic. In Sweden, 28 localities of Boreal age are kno'vvn, compared with 
5 Atlantic and Subboreal localities (Neolithic and Bronze Age), and only two 
from historical times. 


This work has been carried on, among others, by Deevey (19436, 
1944) who has found the following succession, which he correlates 
tentatively with the phases of the European Postglacial : 
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Dccvcy is further drawing attention to the archaeological possi- 
bilities of pollen-analysis in North America, but the determinations 
of relative age of archaeological remains by means of pollen-analysis 
arc, so far, of a highly tentative character, such ns Hansen’s sug- 
gestion that man was present during and before the dry period 
which is regarded as the climatic optimum, and the attempted 
pollen-analytical dating of buried fish-weirs near Boston (Dccvcy, 
1944 ; Johnson, 1942, 1949). Dccvcy developed ideas of how to 
extend pollen-anal j’tical dating to Mexican prehistory (1948q). 
These experiments in climatic dating in North America arc most 
promising, though the drawback in that continent is, for the time 
being, the absence of a tolerably reliable connection of vcgctational 
phases with va^^’■c-countings, 

These investigations of the North American Postglacial arc 
important not only for that area, but for the problem of the causes 
of the Postglacial climatic fluctuations. The results indicated in 
the preceding paragraph raise the question of whether the sequences 
of Europe and North America agree in tlie presence of a Post- 
glacial climatic optimum and perhaps even of a late dry phase of 
the Subboreal type ; but much research will have to be done on 
both sides of the Atlantic before these questions can be answered 
and the results used in correlating the Postglacial successions of 
the two continents. 

Correlation of sea-levels and climatic phases loith varvc-countings 
and prehistoric chronology. These introductory remarks may sufllcc 
to show how a correlation between the observ'cd heights of former 
sea-levek, the climatic phases of the Postglacial and the varve- 
countings could be effected and how such correlation has led to 
the establishment of an absolute clironology for the Postglacial 
and its prehistoric phases. 

In the countries around the Baltic peat-deposits are sometimes 
found resting on van’cd clays or otherwise connected with moraine 
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and glacial deposits. Although the possibility of a gap between 
the two cannot always be excluded varve-coiuitings yield a maximum 
age for the bottom-bed of peat. The climatic phase during which 
the peat was formed is known thanks to pollen-analysis, and it is 
evident that a series of sections of this kind narrows down the possible 
limits for the ages of the climatic phases of the Postglacial. 

On the other hand, raised beaches are sometimes connected with 
peat deposits which began to form soon after the beach was aban- 
doned by the sea. The raised beaches, also, can thus be correlated 
with the climatic phases. 

It has been mentioned above that certain prehistoric sites occur 
on raised beaches. In a well-investigated district as that of the 
Baltic, the climatic phase would therefore be known also, as would 
be, in many cases, the approximate age in years on the base of 
varve-countings. The knowledge of the climatic phase links such 
sites with those not situated on a beach, where pollen-analysis 
affords the only means of relative dating. Sites of this kind often 
occur in sections of peat. This means that the occupants settled 
on the smface of the peat at that time, and their dwelling-site 
was covered by a further growth of peat later on. This applies, 
for instance, to many Bronze Age sites (compare Federsee, Swabia, 
p. 86, fig. 31). Alternatively the settlement may have been on 
higher ground in the neighbourhood and the detrital layers only 
extend into the peat-bog (Magdalenian of Meiendorf for instance, 
p. 74, and Bronze Age of Peacock’s Farm, Cambridgeshire ; Clark, 
Godwin and Clifford, 1935). In both cases the relation of the 
culture to the climatic phase can be established. In this manner 
numerous Mesolithic, Neolithic, Bronze Age and Iron Age sites have 
been dated in relation to the climatic phases of the Postglacial, and 
since the age in years of the latter is kno^vn for reasons explained 
above, approximate dates can be assigned to most of the cultural 
phases of the Postglacial. 

In the peripheral zone outside the Baltic, however, where the 
isostatic rise of the land after the Last Glaciation is replaced by 
a compensating sinking movement, or no movement at all, and 
where the eustatic rise of the general sea-level owing to the return 
of meltwater from the ice-caps resulted in a transgression of the 
sea, most of the early Postglacial deposits are now covered by 
the sea. A typical locality of this kind is the Dogger Bank which, 
on the evidence of its peat deposits, was dry land during the Boreal. 
Dredged implements of Maglemose age confirm this. Since peat of 
Atlantic type is restricted to a zone much nearer to the present 
coasts of the North Sea, the transgression must have taken place 
ehiefly during the late Boreal and proceeded rapidly. Submerged 
Neolithic and even Bronze Age sites, and the many submerged forests 
observed along the British coasts, however, show that the trans- 
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prcssion of the sea continued into the Subborcal (fig. 3-1), and the 
final severance of Great Britain from the Continent appc.ars to fall 
at the Atlantic time. 

The introduction into the methods of late Glacial and Post- 
glacial chronologs' given in the present and the preceding chapter 
will enable the reader to appreciate the evidence from selected sites 
and areas, which forms the subject-matter of the following chapter. 
After this regional review, however, it will be necessary to return 
to some of the striking features of this period, like the Allcrod 
Oscillation, the Subborcal, &c., in the concluding summary (p. 102). 


CHAPTER IV 

DIPORTAXT SITES OF THE END OF THE OLD STONE AGE, 
THE MIDDLE AND NEW STONE AGES AND THE MEEVL 
AGES, ^VND THE PREIHSTORIC CHRONOLOGY OF THE 

POSTGLACLVL 

The number of late Glacial and Postglacial localities of tem- 
perate Europe, which are of interest from the chronological point 
of view, is very great. The selection presented in this ehaptcr 
cannot claim to be a fair cross-section of the work done in the various 
countries involved ; it has been made for the purpose of developing 
a picture of the climatic phases and their correlated prehistoric 
industries, preference being given to evidence obtained in recent 
years. Tiiosc interested in a more comprehensive review of the 
late Glacial and Postglacial are ad\"iscd to consult the publications 
by Clark (193Ga), Firbas (1939), Godwin (19106, 191-1, 194C), Gross 
(1931, 1937), and the relevant chapters in Wright (1937). On the 
other hand, readers not interested in regional details will best pass 
on directly to Part G of this chapter, p. 105. The correlation 
tables, figs. 30 and 38, might help in understanding the somewhat 
complicated relations between climatic and prehistoric phases. The 
terminology of the floral phases is summarized in fig. 28. 

Since the countries around the Baltic Sea arc by far the best 
explored as far as the late Glacial and Postglacial formations are 
concerned, they are regarded as the tj’pical region. Much of Scan- 
dinavia and Finland was covered by ice until long after the maximum 
of the Last Glaciation, so that the earliest deposits and prehistoric 
finds may be expected in the south-western part of the area. Here, 
they have indeed come to light in the course of the last few years. 

A. nOlSTEIN 

Meiendorf near llanthurg {Ilatnbttrgtati), The important site of 
Jlciendorf, in the province of Holstein, a short distance east of 
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Hamburg, was discovered in 1933. A detailed accoimt has been 
published by Rust (1937), describing the industry and comprising 
contributions by Schiitrumpf on the botanical finds and pollen- 
analytical results, on the geology by Gripp, and on the bones by 
W. Krause. 
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no. 28. — The approximate correlation of the pollen-analytical phases estab- 
lished in Europe north of the Alps, according to Eaegri (1939-40), von Post (1924), 
Nilsson (1935, 1948a, 6), Jessen (1949), Godmn (1940, 1945), MitcheU (1951), 
Overbeck (1050) and Firbas (1949). 

Underneath a peat section of several metres thickness a reindeer 
hunters’ settlement was imcovered, resting on a glacial varved clay 
(figure in Clark, 1938, p. 161). Gripp holds the view that hardly 
200 years elapsed between the end of the glacial lake phase and 
the arrival of the reindeer hunters. The cultural horizon contains 
innumerable remains of reindeer, many of them tvorked, and a 
large number of bone and flint implements. The flint implements 
are clearly of the Upper Palaeolithic type (‘ Magdalenian ’), and 
Rust compares them with the finds from the Petersfels in south 































74 DATING TllE FAST (IV 

Germany (see p. IGl), from Mczinc (Ukraine), and tljc Cres^vcllian 
of Derbyshire (see p. 39S). The bone nrtcfncLs (harpoon, baton 
dc commandement, strap-cutlers, &c.) also arc Magdaicnian in work- 
manship. Wiilst Gripp’s geolojpcal investigation shows that t)ie 
occupation took place soon after the retreat of tlie ice from tlic 
locality, Sehutrumprs pollcn-nnnlyUcal and macrobotanical results 
demonstrate that it falls witliin tlic earliest Subarctic, tree-less phase 
of tlic Postglacial succession, i.c. the early part of the Diyns time. 
The van’cs undcrljdng the deposit have not been counted yet, but 
since the place is just ivithin the extreme morainic belts of the 
last great phase of the Last Glaciation (Pomeranian), the authors, 
relying on de Geer’s erroneous date of ISOOO B.c. (Gross, 1931, 
puts 19000 D.c.) suggested that the hunters’ camp at Meiendorf 
was occupied roughly about 17000 b.c. As c.xplaincd on p. 29, 
dc Geer’s figure has to be reduced, and the age of the Pomeranian 
is at present very uncertain. One can safely say, however, that 
the minimum date for the Meiendorf site is about 13000 b.c. Tliis 
has been confirmed by radiocarbon dating (p. 315). 

Apart from Bromme (p. 76), the Hambiirgian represents the 
latest knoum true Palaeolithic. Immediately after the Meiendorf 
phase, the transition to the SIcsolilhic occurred in central and north 
Europe. 

In view of the scarcity of late Glacial or earliest Postglacial 
sites the pollen-analytical succession at Meiendorf, as found by 
Sclititrumpf, is of outstanding interest. He distinguishes the follow- 
ing phases ; 

(1) Tundra-phase without forests, but with dwarf shrubs of sub- 
arctic tj'pe. Pollen of grass and herbaceous plants is up to seven 
times as frequent as that of ‘ tree ’ pollen. The latter mainly 
consists of birch and willow (subarctic dwarf species confirmed by 
macroscopic finds), pine, and Ilippophac (Sea Buckthorn). Leaves of 
Dryas oclopclala were found also. This b the phase of the Hamburg- 
culture. It is followed by — 

(2) The Birch-phase, during which the two tree-birches Bctula 
pubescens and B, verrucosa immigrate (confirmed by macroscopical 
finds). Birch increases, and pine {Fimis silvesiris) becomes more 
frequent in the latter half of this first forest phase, thus leading to — 

(3) The Birch-pine-phase during which pine and birch compete 
for dominance. Their curves cross one another several times. 
During tliis phase the history’ of the locality’ as a lake is interrupted 
and the earlier scries of lacustrine calcareous nckron-mud is replaced 
by a Caricetum-peat. Schiitrumpf (1935) correlates thb phase with 
the Allcrod oscillation. After this oscillation, however, the area 
once more is transformed into a lake and more nekron-mud is 
deposited. Towards the end of this phase the pine finally defeats 
the birch, and — 
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(4) The Pine-phase begins. The lake now is nearly filled up, and 
Phragmiies-Tpeat is formed. We are in the Boreal phase of the 
Blytt-Sernander scheme. While pine dominates, the birch, which 
is frequent at first, is gradually replaced by more warmth-loving 
trees like hazel, oak, elm, and lime. This phase also is linked 
up with a prehistoric industry which Rust is inclined to consider 
as Tardenoisian and which in all probability is related to the Meso- 
lithic Ahrensburg-cultme described below. In fact, nearly every- 
where the Mesolithic is connected with the Boreal phase. 

(5) The Mixed Oak-phase (Atlantic) is the last represented in 
the Meiendorf section. Its brushwood-peat in which alder is frequent 
produced an artefact, a possibly Neolithic core. Younger peat-beds 
are absent. 

Siellmoor near Hamburg {Hamburgian and Ahrensburg). Only 
600 metres north of the Meiendorf site another locality of equal 
importance was excavated in 1934-5. Rust, Gripp, and Schiitrumpf 
(1935) published preliminary reports, and Rust (1936) a more 
elaborate description, which show that the situation of this Stellmoor 
site (near the town of Ahrensburg) is similar to that of Meiendorf, 
namely on the slope of an elevation protruding into a subglacial 
valley. Two distinct implementi-ferous levels, however, were found 
at Stellmoor, at depths of 5 and 6*5 metres respectively. The lower 
proved to belong to the Hamburgian (Meiendorf) culture, whilst 
the upper yielded an abimdance of reindeer material worked in a 
manner completely different from the Hamburgian. It included a 
few axes of the Lyngby type (p. 76). The flint implements leave 
no doubt that this upper cultural level in the peat is identical with 
the Ahrensburg Mesolithic foundonthesiurfaceinthe neighbourhood. 

The pollen-analytical investigation of the peat section was carried 
out by R. Schiitrumpf (1935). He found close agreement with 
the Meiendorf section. The Hamburgian level lies at the beginning 
of the birch-pine phase, which continues through lacustrine beds 
until, in a horizon of Caricetum-peat indicating drier conditions, 
the pine dominates temporarily over the birch. The same horizon 
was observed in Meiendorf and, as mentioned, Schutrumpf is inclined 
to regard it as the equivalent of the Allerod oscillation. Above 
this horizon lacustrine conditions return and a second birch-pine 
phase begins. This is the time of the Mesolithic Ahrensburg 
culture. The final dominance of pine, however, marking the begin- 
ning of the Boreal, did not set in until after the habitation site was 
covered with a further two feet of nekron-mud. 

Thus Alwensburg proves that the Lyngby-axes belong chrono- 
logically to a cool phase of the pre-Boreal, intercalated between the 
Allerod oscillation evidenced by a pine-phase, and the Boreal proper. 
It is the earliest Mesolithic site that has been dated pollen-analytic- 
ally, and therefore of outstanding importance. 
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n. DEKMAKK, SWEDEN AND NOIIWAY 

Denmarh. Jleicndorf nnd Ahrcnsburg lie at tlie base of tlie 
Jutland peninsula where Danish workers, especially Jessen (1920, 
1935), have established a succession which in all essentials agrees 
with that of Scania (Southern Sweden). Several points in this 
succession are of particular interest. The Allerod oscillation once 
more figures in it, dividing in two the Drijas time. 

Bromine {Palaeolithic). The oldest Danish site is liromme, which 
on pollen-analytical evidence belongs to the Allerod phase. Its flint 
induslrj’ (JIathiassen, 1940) with burins and tanged points maj' be 
regarded as Palaeolithic, though it is related to the Lyngby culture. 
Its points arc like Lyngby, but axes arc absent. Lyngby, however, 
contains axes, and Mathiassen takes their presence as delimiting the 
Mesolithic from the Palaeolithic. 

Norrc-Lyiigbtj {Mesolithic). The second earliest finds in Den- 
mark are the well-known Norre-Lyngby axes (Clark, lOSCa) which 
were made of reindeer antler. The typical site, Lyngby, is situated 
at the extreme north end of Jutland. Here, a specimen was found 
lying on the foreshore. A tanged flint flake was c.xtractcd from 
a section of early Postglacial freshwater deposits in the neighbour- 
hood (zones D III-IV), and it is likely that the axe was derived 
from the same deposit. The beds contained a fauna composed 
of tundra and forest forms and associated with a flora comprising 
tundra species such as Salix polaris and Bclula nana. A pollen- 
grain of Finns, however, was present, nnd the deposit probably dates 
from the end of the younger Dryas time (D III). Evidence for 
equally early dates of the Lyngby-axes has come forward in Sweden 
(see p. S2). 

Maglemose {Mesolithic). Another important Danish site is 
Maglemose, a peat-bog near Mullerup. The Mesolithic culture 
named after it was one of a hunting and fishing people and had 
a wide distribution in the plains of north and west Europe. It 
was fully discussed by Clark in his book on the Mesolithic (193Ca, 
see his fig. 47) so that a few remarks on the dating of the Maglemose 
industry will sufiice here. At Maglemose itself and at the later site 
of Svaerdborg bog, Jessen (1920) found on pollen-analytical evidence 
that it belongs to the Boreal phase (zones D V and D VI, respectively), 
when pine was still dominating over the mi.xed-oak association. 
Furthermore, in raised beach sections, Maglemose implements have 
been found to occur underneath peaty deposits of Litorina age. 
Submarine finds of Jlaglcmose implements show that the level of 
the North Sea in those days was much lower than at present. The 
earliest find of the Maglemose or Mullerup culture is from Klostcrlund 
(Mathiassen, 19376) and belongs to the upper part of zone D IV 
(Preboreal). Away from the coastal areas the Gudenaa culture 
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(Mathiassen, lOsVa) developed parallel with the Mullerup, though it 
continued tlirough the Atlantic into the Subboreal. 

Ertebolle {kitchen-midden). The third important Danish industry 
is that of the kitchen-midden (shell-mounds). It is often termed 
the ‘ Ertebolle ’ culture. The shell-mounds, which are frequent 
in Denmark, are associated with high beach-lines of the Litorina 
Sea, and the same applied to Finland and Sweden, This, as well as 
pollen evidence, dates them as belonging mainly to the Atlantic 
phas'e. See Note (13), p. 408, 

According to Clark (1936a, 1950(6) ) the Ertebolle culture is more 
Upper Palaeolithic in character than the Maglemosian, notably in 
respect of blades and burins. It appears for the first time, and some- 
what tentatively, late in the Early Atlantic transgression (D Vila). 
It is present during the Middle Atlantic transgression (early VII6) 


Charcoal Tree pollen Herbaceous pollen Plantain Cereals 



no. 29. — ^Diagram illustrating the influence of the first phases of human land 
occupation at Ordrup Mose, Denmark, according to Iversen (1941). 


at Dyrholmen (Troels-Smith, 1942), but continues into zone VIII 
(Dyrholmen Zone III), even until after the Subboreal (maximum) 
transgression, contemporary with the Dolmen period and up to that 
of the Separate Graves. The contemporaneity of Ertebolle with the 
Neolithic in pollen zone D VIII (Subboreal) is further demonstrated 
at Strandegaard in southern Zealand (Mathiassen, 1940). Childe 
(1948a) has emphasized the survival of food-gathering Mesolithic 
tribes alongside with Neolithic food-producers. The Ertebolle also 
contains pottery and domesticated animals. 

In order to understand the relative chronology of this period it 
IS necessary to discuss briefly the phases of the Litorina transgression. 

Litorina transgression, subphases. It has been known for many 
years that the Litorina transgression had to be divided into a number 
of oscillations (phases). But under the influence of evidence from 
Finland it was widely believed that the maximum transgression took 
place early during the Litorina phase. Modern work in Denmark 
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has made it possible to distinguish at least four minor transgressions 
(Iverson, 1937, Trocls-Smith, 1912), ns follows; 

(1) Early Atlantic transgression (Soborg I), at beginning of pollen 
zone D VIJo. 

(2) Jliddle Atlantic transgression (Soborg II), in first half of 
zone D VII6. 

(3) Late Atlantic transgression (Soborg III), end of zone D Vllfi. 

(4) Subborcal transgression (Soborg IV ; Iversen’s Late Atlantic 
transgression), early in zone D VIII. Absolute maximum of Lilorina 
transgression in Denmark and south Scania. 

The nomenclature here given is that of Trocls-Smith (1912). 
These transgressions arc separated only by minor regressions of the 
order of two feet. Nilsson (1948fl) cmpliasizcs the very comple.x 
nature of the changes of level of the Litorina Sea in Denmark. He 
is inclined to divide the ^liddle Atlantic transgressions into two and 
thus recognizes at least five oscillations. At Yrtads Sandskog on 
the south coast of Scania, Nilsson (1935, pp. 455, 545) found as many 
as ten beach ridges, of which at least six arc of Atlantic age. Thus, 
in the southwest Baltic region, at least four oscillations lead up to 
the Litorina maximum, which was not attained until the Subborcal 
(Zone S VI = lower D VIII), in the Passage Grave period of the 
archaeologists. 

In north Scania, however, Nilsson (1935, p. 54G ; 1948a) suspects 
that the maximum was reached earlier. 

In Finland, finally, the Litorina maximum was the first of a 
number of oscillations (fig. 15). 

This cadence bears out what has been said on p. 54, that the 
land rose faster than the sea-lc%'cl in the northern Baltic region, and 
that the non-contemporaneity of the maximum in different parts of 
the Baltic may be due to this fact. The significance of the oscilla- 
tions of the Litorina transgressions has been somewhat exaggerated, 
but they have already proved useful for archaeological correlation 
over limited areas. 

T/ic Period of Land Occupation. An interesting interpretation 
was given by Iversen (1941) to changes in the pollen spectra of 
certain dwelling sites. These changes occurred in Denmark at, or 
slightly above, the zone border D VII/IHII, and in Scania at the 
border of S V/VI. Elm and Jlixcd Oak Forest generally fall to a 
minimum (which, however, is temporarj') whilst birch and hazel rise. 
There is a concentration of charcoal, and pollen of herbaceous plants 
increase in frequency. Among these are pollen of cereal grasses and 
of plantains {Plantago viaior and lanccolata). Iversen holds that 
these changes indicate the arrival of farmers, the phase of Landnam 
or land occupation, that the charcoal comes from clearance fires ; 
that herbaceous pollen suggests the opening-up of the land ; cereals, 
fields; the plantains, weeds; and birch and hazel, regeneration of 



79 


POSTGLACIAL PREHISTORIC CHRONOLOGY 

the forests after the exhaustion of the plot. It is not surprising that 
this ingenious interpretation has met with the approval of other 
workers, especially since at the horizon in question, the remains of 
agricultural communities of the true Neolithic type (Dolmen or 
Megalithic period) have been found. (Fig. 29.) 

Troels-Smith (1942) observed at Dyrholmen (Denmark) that the 
first forest clearance, which corresponds to Iversen’s ‘ Landnam ’ 
phase (Dohnen period), was followed by a regeneration of the forest, 
and a second clearance phase during the period of Separate Graves, 
after which, however, regeneration of the forests did not follow, at 
least not immediately. On the other hand, T. Nilsson (1948a, p. 40) 
holds that the evidence adduced by Iversen as proving ‘ Landnam ’ 
can altogether be explained as due to a climatic change. He points 
out that the pollen of the l3Tnegrass {Elymtis arenaritis), the well- 
known hard, glaucous grass of coastal sand-dunes, cannot be dis- 
tinguished from cereal pollen. See Note (13), p. 408. 

The Subboreal cultures {Mesolithic-Neolithic-Bronze Age). The 
valuable work of Danish workers dike Iversen and Troels-Smith has 
brought about a revision of the relative chronology of the late 
Jfesolithic, the Neolithic and Bronze Ages (Childe, 1948a, b). The 
numerous sites of the bog area called Aamosen in Zealand (Mathiassen, 
1943), and also Dyrholmen (Troels-Smith, 1942) have contributed to 
this. It is now apparent (fig. 30) that the Ertebolle Mesolithic lasted 
into the Subboreal (Troels-Smith, 1937) and was in part contemporary 
with Neolithic food-producing cultures of the Dolmen and Passage 
Grave periods. ^Vhilst Ertebolle was a coast culture, another food- 
gathering cultvue, Gudenaa (Mathiassen, 1937a), existed in the inland 
districts of southern Scandinavia. It also survived into the 
Subboreal. 

The Neolithic appears on a large scale as an invasion of the 
Megalith builders of the Dolmen period early in the Subboreal 
(pollen-zone D VIII), but this was perhaps preceded by the Vra 
culture at Siretorp, level S. The fourth, or Subboreal, Litorina 
transgression follows the Dolmen period, and the Passage Graves 
are contemporary with it. Even as late as this, Gudenaa and 
Ertebolle food-gatherers were surviving, at Magleo II and Dyrholmen 
III, respectively. (Note (7), p. 405.) 

Absolute dates for later Neolithic and Bronze Age in Denmark 
and elsewhere. A few words may here be said about the dating 
of the Metal Ages, to which southern Scandinavia has contributed 
so much. The methods being chiefly historical, we shall not go 
into details. 

In the later Neolithic and in the Bronze Age, typological dating 
prevails over the geological methods, and the appearance of imported 
specimens or others which are clearly imitations of oriental proto- 
types has enabled archaeologists to link up the relative chronology 
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of central and north Europe ^nth the historical chronologj- of U)c 
Near East. Yet, a good many localities have been studied pollen- 
nnah-tically, and it is well known for instance that the Bronze Age 
coincides srith the Subborcal, but in such eases the absolute age 
is assigned to the climatic phase on the evidence of archacologj', 
not vice versa. One has, therefore, to bear in mind that many dates 
given in the tables for the later Neolithic, the Bronze Age and the 
Iron Age, were not obtained by geological methods. 

As examples for the historical method, I refer to Aberg’s Bronze 
and Iron Age chronologj' (1932), and to V. Gordon Childc’s remarks 
concerning the chronology of the period IV of the Danubian Cisnliza- 
tion (Childc, 1947, p. 121), which may be quoted: 

Exact copies of Oriental types appearing simultaneously in period IV 
offer an opportunity for dating the period in terms of solar yo.nrs, and 
most chronologies of prehistoric Europe have taken them ns the starting- 
point. But of course the age in Asia of models copied in Europe gives 
only a terminus post quern for the copies. . . . All the tj-pcs mentioned 
. . . [previously] were current in Egypt or Jlcsopotamia by 2800 a.c., 
when Bronze was already known in the Orient. . . . Hence a long 
chronology placing the beginning of the Bronze Age about 2SOO n.c. is 
defensible. 

On the other hand all the Oriental types relied on for dating that 
period enjoyed a long life. . . . The rise of the Central European 
bronze industiy might well be connected with the extension of the amber 
trade to the Aegean attested first in the Shaft Graves of Mycenae about 
ICOO n.c. The halberd and round-heeled dagger from the same tombs 
strengthens this supposition ; the imported faycncc beads from Aunjclitz 
and Perjdmos graves go some way to confirm it. The segmented beads 
from Jloravia and Hungary are said to be identical with some from an 
Egj'ptian tomb dated about 1400 n.c. Violin-bow safety-pins, such ns 
appear in Greece in the thirteenth centurj', have been reported from 
Aunjetitz tombs in Bohemia and Lower Austria. These safety-pins 
would at least show that the Aunjetitz culture outlasted period IV as 
usually defined. On the whole a short chronology would appear the 
more probable. Period IV should begin not earlier than 1700 n.c. . . . 

This quotation illustrates well the method of cross-dating by 
means of objects for which a maximum age can be established on 
historical evidence in the Orient. The book from which it is taken 
contains numerous references to the absolute clmonology elaborated 
on this basis, and also summary tables. 

It must here be pointed out that the historical method permits 
of constructing two alternative chronologies, one long and one short 
(Childe, 1039). So far as the north Europe Bronze Age is concerned 
the evidence is in favour of the short clironology (Childc, 1947, 
p. 330), in which it begins about 1900 n.c. But for the beginning 
of the Neolithic, environmental evidence and favour an earlier 
appearance of agriculture in southern Scandinavia than docs the 
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short chronology based on historical cross-dating. Some variants 
of the short clmonology say that this event occurred not much earlier 
than 2100 B.c. This leaves only something like 200 years for that 
part of the Neolithic in Denmark which is clearly anterior to the 
arrival of the Bronze Age Beaker folk in Britain, namely all that 
preceding the middle of the Passage Grave period. And the part 
of pollen-zone D VIII which is earlier than the period of the Passage 
Graves (contemporary with the Beaker phase) is not inconsider- 
able. It is legitimate, therefore, to think that the beginning of 
the Neolithic in Denmark and Scania was earlier than 2100 b.c., 
though the figure of 3500 B.c., which is the date Nilsson (1935) gives 
to the beginning of the Subboreal and thus to the introduction of 
agriculture in that area, is perhaps too early. On this alone, a date 
near 3000 b.c. would appear to account for the evidence. This 
is so especially since the Neolithic is evidently at least as old as this, 
and probably much older, in the Danubian Basin. Childe (1947, 
p. 216) considers that megalith building in Denmark should have 
begun about 2500 b.c. even on the short chronology, or several 
centuries later than the Early Minoan and Cycladic tombs, 
not to mention the Egyptian. But recent radiocarbon dating has 
shovm that the south Scandinavian Neolithic will indeed have to be 
stretched out into the past, and the same applies to the lake dwellings 
of Switzerland. See Note (14), p. 408. 

Epipalaeolithic of Bad, Sweden. In Sweden, important finds 
have recently been made at Rao and Varberg in North Holland, 
which extend local prehistory back to almost glacial times (Niklasson, 
1932). Shetelig and Falk (1937) report on them as follows : 

In both places worked flints were found embedded in a stratum of 
marine clay which was covered by later strata ; they lay about 4 metres 
below the present surface of the ground, which is here about 7 metres 
above the sea-level. The clay had been deposited at a depth of about 
15 to 20 metres in the sea, and it contains shellfish which live in Arctic 
conditions (Macoma calcarea and Saxicava arctica). By means of the 
scale representing the rise of the land the period can be fixed within the 
years 10,000 to 9,000 b.c., corresponding to the Gothiglacial stage in the 
melting of the inland ice. The edge of the ice lay very near the west 
coast of Sweden at that time. 

The flints were a secondary deposit in the clay of the sea bottom, 
and must have been washed out by the waves from the dwelling-stations 
on the shore close by. The pieces show an extraordinarily primitive 
treatment of the flint. There are practically no definitely established 
tj'pes of designed forms, only pieces split at random and made usable 
by a minimum of chipping. The flints can be distinguished according 
to their use as scrapers and hollow scrapers, planes, gravers, borers, 
handaxes, pointed chopping-tools, &c. In spite of the rudimentary 
technique, in their form and appearance a close relationship -with the 
late palaeolithic flint work stands out clearly, especially with Aurignacian, 
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nnd likewise witli the palaeolithic tj-pes in Finmark, of which we shall 
say more later. 

Kotnset and Fosna cuUures of noiilurn Norzeat/. The concluding 
remark of this quotation refers to tlic Komsa culture of the e.\treme 
north of Nor«'ay which, tj’pologically, is essentially Palaeolithic 
(Nummcdal, 1920). It is found in dwelling-sites on raised beaches 
of the jirctic Ocean and is regarded as late Glacial nnd early Post- 
glacial by Nordhagen. In these remote regions, Palaeolithic tradition 
appears to have sundved into the Postglacial. 

An equally interesting survival is the Fosna culture found along 
the west coast of Norway, often in sites which are close to landing 
places (Nummcdal, 1923, 1929, Shetclig nnd Falk, 1937, Clark, 
193Ga). Tj^jologically, the Fosna flints are reminiscent of the late 
Palaeolithic and early Jlesolithic. At Kristiansund, an island on 
the west coast of Norway, 03 N. lat., sites occur at varjnng heights, 
an important one being about 44 metres above tlie present level of 
the sea (Nummcdal, 1923). As the level corresponding to the 
Ancylus Lake period of the Baltic is 80 metres, these sites would be 
contemporary with the Ice Lake period of the Baltic, and therefore 
with the Rio-Vnrberg culture of Sweden (about 9000 to 10000 b.c.). 
At Kristiansund, a large tanged flake was found in elay deposited 
during the Pholas stage which corresponds to the early Ancylus 
Lake. This flake is reminiscent of that found at the Lyngby site 
and mentioned on p. 70. It supports the view that the Fosna 
culture is approximately contemporary %vith Norre-Lyngby, nnd 
earlier than hlaglemose. 

These earliest Scandina^^an cultures appear to continue the 
tradition of the Hamburgian, and it is conceivable that their bearers 
withdrew with the waning ice-sheet, gradually being pushed north- 
wards by spreading Mesolithic tribes. 

Mesolithic and later industries in Scania. Returning to Sweden 
we find evidence of Jlesolithic in Scania. Here, Lymgby axes have 
been dated pollen-analytically. One of them, from the Bara lilla 
bog near Malmo, dates from the time when the mixed oak forest 
had not arrived and even hazel was rare (Clark, 193Ga). This speci- 
men is obviously prc-Boreal. Another specimen, however, found 
at Hylteberga in south Scania, is later, i.e. Boreal. In both cases 
the peaty matter attached to the specimen was studied, not the 
section itself. 

From these two Swedish axes it appears that the Norre-Lyngby 
culture in the Scandinavian peninsula began in pre-Borcal times 
nnd survived into the Boreal, so that this culture can roughly be 
dated from 9000 to 7000 n.c. 

The e.xtensivc pollen-analytical work done in Scania by himself 
and others has been described by Nilsson (1935) in a comprehensive 
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and important paper. Several of his sections fulfil the condition 
of linkage between the pollen-bearing series and the varved clays 
and some of them should, in due course, afford a chance of dating 
by means of direct varve-counts. So far only the connexion of the 
bottom strata of the sections with certain moraines which, in turn, 
belong to de Geer’s Gotiglacial, gives a rough idea of their age. 
Even this is important enough, since it proves that the Allerod 
oscillation forms part of the Gotiglacial recession. 

A good example is the bog called Baremosse, in western Scania, 
where the Swedish pollen-stratum XII ( = I of Denmark and Britain) 
is amply represented in the form of varved clay. A Maglemose 
settlement was found higher up in the profile (von Post, 1928) ; 
it corresponds to the pollen-zone VIII (Ancylus Lake, Boreal). At 
other sites, Nilsson has studied the connexion of pollen-bearing 
deposits with raised beaches. The resulting chronology is shown 
here in fig. 25. 

Middle Siveden. In Middle Sweden, Florin (IQdS) studied the 
Danunstugan district. He found three phases of the Litorina trans- 
gression of which the first was the highest. It falls at about 4000 b.c. 
and is preceded by the smaller Clypeus transgression. This is 
possibly the maximum Litorina phase of Finland. (Note (8), p. 405.) 

C. FINIAND 

Postglacial and Prehistory in Finland. In Finland the geological 
history of the Postglacial, especially the relations between ice- 
recession, varved clays, and raised beaches, have been investigated 
in great detail. Many of the outstanding achievements are due to 
M. Sauramo’s untiring energy. Some of his results have been 
touched upon above (pp. 32, 47) ; it now remains to explain how 
the connexion of the varve-chronology with the climatic development 
and the sequence of prehistoric phases was established. Most of 
the prehistoric phases observed in Finland have been dated on 
the evidence of their situation in relation to the raised beaches. The 
most conspicuous beach-line is that of the maximum of the Litorina 
Sea. Its height above the present sea-level varies, the upheaval 
having proceeded at different rates in different areas. Near Viborg 
(east Finland) it is just over 20 metres above the present sea-level, 
at Helsinki (Helsingfors) 32 to 33 metres, and at Abo (west Finland) 
about 50 metres. Thus, the height in metres of a dwelling-site 
is no direct indication of its age, and investigators now prefer to 
give the height in percentage of the height of the Litorina maximum 
in the same district. 

Pollen-analysis takes second place in Finnish dating work. The 
Neolithic hearth of Mutala (Palsi and Sauramo, 1937) may be men- 
tioned, as well as the Mesolithic site of Antrea (see below). Valuable 
palaeo-climatological work, particularly on the early Postglacial, has 
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no. SO. — Correlation table for the late Quaternary of Denmark and adjacent 
areas. Based on Nilsson (1035, lOiS), Cliilde (1948), and others. This table 
sliows tile long clironology svliicli is based on cndcncc botli from vars’c-s and 
radiocarbon dates. Tliere is an altcmative sliorl clironology svhicli is still 
favoured by many arclincolopists (pp. 80-1). According to it tlie lieginning 
of tile Doimen period would fail at 2100 n.c. (see Cliilde, 1047, p. 333). Sec 
also Clark (1950). 
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been done by E. Hyyppa (1933, 1936). He discovered that early in 
late Glacial times, during the period of the Baltic Ice Lake, the spruce 
spread in a remarkable manner, whilst later on it lost ground again. 
The spruce is a tree which prefers a continental climate with warm 
summers and cold winters. Hyyppa therefore interpreted his 
observations as indicating a ‘ late Glacial warmth-phase with warm 
continental summers ’. The similarity of this phase with the Allerod 
oscillation is striking. It was preceded and followed by Dryas 
phases during which, however, birch-pine forests were present. 
Later on, during the Ancylus Lake, pine began to dominate over 
birch. This time corresponds to the Boreal. With the Litorina 
transgression the mixed oak forest spreads but is unable to replace 
the pine-birch-spruce association in this northerly region. This 
is the time of optimum conditions of climate. The deterioration of 
the climate after the optimum is evidenced by a decrease of the 
mixed oak component in the pollen-spectra. The peat-sections 
investigated by Hyyppa were situated on levels which could be 
identified with stages of the Baltic sea. The diatom flora contained 
in the bottom layers proved to be a great help in identifying these 
stages. (See also Kanerva, 1956.) 

Chronology of Mesolithic and Neolithic in Finland. The succession 
of the prehistoric cultures in Finland has been studied, among others, 
by A. Europaeus (= A. Ayrapaa ; 1925, 1926, 1930). In the 
southern half of Finland the earliest known finds are an ice-pick 
made of bone, from Kyrkslatt, and the fishing-net from Antrea 
(south-east Finland). Both date from the Ancylus period and may 
be correlated with the Maglemose culture of Scandinavia. The finds 
made at Antrea were described by Palsi and Lindberg (1920). The 
site lies below the ancient high level of Lake Ladoga on a sandy 
loam and is covered by nekron-mud and peat. Beside bone and 
stone implements the remains of a fishing-net were found, the cord 
of which was still partly preserved as were the floats and sinkers. 
Lindberg studied botanically over a hundred samples in a vertical 
section and was able to determine the age of the net-horizon as 
Ancylus Lake. Not only the pollen but the diatoms also confirmed 
this result which shows that late Mesolithic man inhabited the 
northern part of the Baltic as well as south Sweden and Denmark. 
According to Sauramo’s clironology, in which the Ancylus Lake 
figures later than in Denmark and Scania, the absolute date of the 
Antrea finds is roughly 5500 to 6000 b.c. 

An Ertebolle industry, as yet without pottery, is represented by 
the Suomusjarvi-cultiue of which numerous dwelling-sites have 
been detected at, or just above, the maximum Litorina beach. 
In this industry, flint is replaced by slate and other rocks. Sauramo 
dates the Litorina maximum at 5000 b.c., and this approximate date 
has to be assigned to the Finnish kitchen-midden phase. 
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The sites of the Neolithic proper can be distributed orcr a number 
of cultural phases and correlated u-itli beach-lines ; the younger an 
industrial phase is typologically, the lower the beach on which it is 
found. Like his predecessors. Neolithic man in Finland was largelv 
dependent on fishing. This is why his dwelling-sites arc found on 
the beaches, fortunately for us, since it makes accurate dating 
possible. JIuch of the Finnish Neolithic belongs to the combed and 
pitted ware group, which Europacus suspects to be of eastern origin. 
It is distinct from the contemporary Scandinavian Neolithic. 
During the late Neolithic, however, an invasion took place by a 
people with corded ware (‘ boat-axe culture ’) which chielly settled 
in the south-west. The invaders did not stay near the shore but 
settled in the areas of loamy soil. Yet a few of tlieir sites are found 
on tlie shore so that the relation to the history of the Baltic could 
be established. The final Neolitliic can be regarded as a continuation 
of the combed ware culture. It is again confined to the shore-lines. 
In tlie following table, which is abstracted from Europaeus’s mono- 
graph of the Finnish Stone Age (1030), the absolute figures given arc 
corrected in accordance u-ith Sauramo (1930), It is necessary to 
emphasize that the dates thus obtained for combed ware arc improb- 
ably early, and further investigations are desirable. Europacus puts 
the end of the Finnish Neolithic as late as 1200 D.c. 

% IiriRht in 

rrlntion to Approximate 

Cultural plia«e Litorina-msxlmum date 

Final Neolithic (Itiuknis ware, derived 
from combed ware) 60-10% lCOO-1200 u.c. 

Corded ware or boat- (hammer-) axe 
culture 00-50% 200O-1C0O n.C. 

Ill : Degenerate combed ware 08-04% till e. 2000 n.C. 

II : T^-pical combed ware 75-08% early phase e. 2100 n.C. 

I, : Younger early combed ware \ cy.yno' 

I,: Older early combed ware J '"'o I,; c. 3300 n.C. 

As elsewhere, the Jletal Ages in Finland are dated predominantly 
by historical and tj’pological methods. 

D, tVEST GEnMAXY, EAST FIIAXCE AND SWITZERLAND 

South-rcest Germany {Fcdcrscc ; Mcsotiiliic, NcolUhic, Metal 
Ages). We now leave the Baltic region and turn to the south-west 
of central Europe, where Bertsch has carried out brilliant pollen- 
analytical work. The standard district for this region is the Federsee 
in Swabia, a large bog which has yielded hundreds of preliistoric 
stations and whose floral Iiistory has been worked out in great 
detail. Bertsch has published a valuable summary (1935) from which 
the aecompanj-ing diagram (fig. 31) is taken. 

At the southern margin of the Federsee bog is situated the 
blagdalcnian station called Schussenried. Remains of numerous 
reindeer, beside other arctic animals like polar fo.x and glutton were 
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found here. The mosses belong to species -which no-w range from 
middle to arctic Europe. Pollen is almost entirely absent. This 
deposit clearly dates from a thoroughly glacial phase. 



fig. 31. — Composite diagram of the pollen composition of the peats of the 
Federsee bog, in upper Swabia, south-west Germany, after Bertsch (1935), 
archaeologj' after Reinerth. — Slodilied from Goduin (1034), with permission. 


In the inner part of the Federsee bog, the bottom layers with 
Salix polaris, Dryas octopeiala, Betula nana, &c., are regarded as 
contemporaneous with the Schussenried site. Whether they are so 
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or not is difficult to decide. There certninly would be no objection 
to ha\'ing a Mngdalenian site at the height of the last glacial phase, 
since Mciendorf was found, but the Schussenried Mngdalcnian is 
considered tj^pologically ns middle Mngdnleninn. It may therefore 
be earlier than the Pomeranian phase, and possibly date from the 
second phase of the Last Glaciation or the interstadial between tlicse 
two cold phases (see p. 161). 

There follows on the arctic bed in the inner Federsee bog a series 
of lacustrine muds in which no prehistoric finds iiave been made. 
It comprises a Phiiis rnon/mm-time, a birch-time, and a Pinus 
silvesiris-time. Then, hazel begins to increase, and with it the 
Jlcsolilhic appe.ars. At tliis time hazel-scrublands with inter- 
spersed groups of birch and pine, oak and elm, poplar and alder 
covered the country. The Mesolithic site of Moosburg begins with the 
increase of hazel when the latter is becoming more frequent than 
the birch ; it lasts through the hazel maximum until the time when 
the decreasing Pinus-curve cuts the increasing curve of the mixed 
oak forest. 

Of the large number of dated Neolithic sites, the spectrum of 
Piedschachen shows that the late Neolithic is contemporary with 
the latter part of the period of the mixed oak forests, when the 
beech immigrates. 

The Bronze Age is the period of the beech (fig. 32) and approxi- 
mately equivalent to the Subborcal. It is important to note that 
the maximum of frequency of the beech, which occurs at 800 b.c. in 
the Federsee area, is either earlier or later elsewhere. Bertsch found 
that this tree immigrated into central Europe from two refuges, one 
in the Balkan peninsula, and one in south-west Europe. He was 
able to date the migration as shown in fig. 32. Correspondingly, 
the beech-maximum is retarded in a northward direction. In 
Bohemia and its northern mountain ranges it coincides with the 
Bronze Age as it does in south-west Germany, but in Slesvig it did 
not occur before 500-700 a.d. This instance illustrates well the 
difficulty of purely pollen-analytical cross-dating over long distances. 
It is obvious that a similar retardation occurred with other kinds of 
trees also. Fortunately, the effect of this retardation on dating is 
less serious in the early phases of the Postglacial when the cultural 
phases persisted for a longer time. 

From the wealth of c\ddcnce available to him, Bertsch con- 
structed an average pollen-diagram for his part of south-west 
Germany (fig. 31). His absolute dates, however, are not based on 
direct local evidence (varves being absent) but are interpolated 
between three known dates, namely the approximate climax of the 
last glacial phase (18000-20000 n.c.), the Postglacial maximum of 
solar radiation (8000-9000 n.c.), and tlie historically-dated chronology 
of the Neolithic and Jletal Ages. Comparing his results with those 
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obtained in the Baltic area a general retardation of the flora and the 
early cultiiral phases in the north becomes apparent. Whether it 
is real or not, depends on the accuracy of the respective time-scales 
used. (Note (9), p. 405.) 

Swiizerland. In Switzerland, Max Welten (1944) studied the 
finely laminated lake deposits found in the Faulenseemoos near 
Interlaken (1,800 feet above sea-level). His paper breaks fresh 
ground since these deposits contain pollen. Welten has taken pains 
to establish that at least a number of the Faulensee laminae are 
numi nl . In spite of difficulties arising out of their thinness, the 
distribution of the pollen grains of a number of tree species within 
a single varve is in agreement with the sequence of flowering periods 
of the various species. 


WEST EAST 



no. 32. — ^The re-immigration of the beech into south Germany from its 
western and eastern refuge areas after the Iiost Glaciation. — After Bertsch (1935). 


There are two types of gaps in the Faulensee series, namely those 
which are caused by indistinct lamination, often increased by dis- 
tortion and mixing caused by the borer, and secondly natural gaps 
due to local erosional unconformities. Welten is confident that such 
gaps can be closed by interpolation and that the error does not 
exceed 100-200 years for the entire varve record of the pre-Christian 
era. 

A serious problem was the connexion of the counted varve-series 
with the modern calendar. The bog was drained in 1920, but at 
that time sedimentation was proceeding in a very small central 
portion only, and material from this portion was scanty and incom- 
plete. On the assumption that the grouiih-rate of the sediment was 
the same as in the lower parts of the section, lYelten carried out 
two extrapolations which produced consistent results. But it should 
be borne in mind that the rate of deposition may well have been 
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slower in the final phase of the bog, in which ease the dates would 
Imvc to be increased. 

The floral history of this Swiss bog was thus dated over a more 
or less continxious period extending back to 7550 n.c. Providctl 
there arc no faults in AVeltcn’s melliod, this would represent a most 
successful calendar whicli, possibly, docs not apply only to the vnllcv 
of Interlaken but can be applied more generally. Wcltcn is vciy 
enthusiastic about this possibility and believes in it, perhaps too 
firmly. He gives a correlation table of prehistorj* and history with 
his calendar (Z.c., p. 140), but since no finds have been made in the 
Faulcnsec bog itself, this is entirely based on other localities. The 
fitting of prehistoric phases into the calendar relies on pollen diagrams 
for the later periods only. The position of the earlier ones, especially 
the Magdalenian, is quite speculative, and due to his interpretation 
of the underlying moraines as Wiirm 3 (‘ Biihl ’). 

The later phases, however, show impressive agreement with 
Nilsson’s dates for southern Scandinavia. The ‘ early Neolithic ’ is 
dated somewhat earlier than 3200 n.c., the Neolithic lake-dwellings 
between 3000 and 1900 n.c. There is additional evidence for agri- 
culture in the neighbourhood of the bog in the form of a few cereal 
pollen-grains, which begin to appear about 2700 n.c. This evidence 
strengthens the ‘ long ’ clironology of the Neolithic. 

The earlier phases appear much shorter than they are generally 
believed to be. Tliis shortening is apparent both in the floral succes- 
sion and in the sequence of prehistoric periods, in the latter of course 
because they have been fitted into the former. Assuming that 
Weltcn’s varve time-scale with its inter- and extrapolations is reason- 
ably accurate, van'e deposition would have begun about 7550 n.c. 
Accordingly, he places the retreat of the ice from this locality immedi- 
ately prior to this date. This may be a fallacy. There is about 
one metre of blue lake marl below' the polliniferous gyttja, whose 
rate of formation is not known, and the lake need not have formed 
immediately after the ice abandoned the locality. Welten, however, 
is so impressed by the comparatively close agreement of his date 
with that obtained for the retreat from the central Sw'edish moraines 
and the Finnish Salpaussclku, that he correlates the Swiss retreat 
(from the Jaberg moraine) with that from the central Swedish stage 
of the Scandinavian ice-sheet. Now, P. Beck has regarded the 
Jaberg moraine as part of the Biihl stage of the Alpine glaciation, 
thus impljung a much greater age than that inferred by Wcltcn, 
Since csudence is nowhere in favour of a correlation of the central 
Swedish moraine with BQhl (a term applied to a multitude of late 
moraines of the Last Glaciation and often to ‘ Wiirm 3 ’), it is wise 
not to accept such correlation. Welten, however, does so and is 
immediately faced w'ith the discrepancy between his own age estimate 
and the higher one assigned to ‘ Biilil ’. 
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What appears to emerge is that the Jaberg moraine is either the 
equivalent of the central Swedish moraine (a new possibility) or it 
is not (the old view). 

To Welten is due the credit of having made known the first site 
of pollen-containing varves, and of investigating it thoroughly. His 
interpretation of the varves, however, has been criticized by Schneider 
(1945) who doubts the annual character of the varves. Schneider 
also regards the correlation of the Jaberg moraine with the central 
Swedish moraine as improbable. 

North-east France, In the Vosges and the adjacent parts of 
north-east France, the evolution of the forests under the influence 
of the Postglacial climatic changes was largely the same as in south- 
west Germany, subject of course to modifications due to the altitude 
of the locality. The beech appeared earlier, however, and in the 
northern Vosges, the mountain pine played an important part in 
the Boreal. The relation of the cultural phases to the climatic 
periods is the same as east of the Rhine. A valuable summary has 
been published by Dubois (1938). 

E. NORTH-WEST GERMANY 

North-west Germany, The north-west German lowlands with 
their extensive peat-bogs form a natural link between central Europe 
and east England. Their climate is more oceanic than that of east 
and south Germany but less so than that of England. Moreover, 
submerged peat occurs on the German coast and has enabled workers 
to reconstruct the transgression of the North Sea. The same has 
been done, on similar lines, in eastern England. Yet it was not 
imtil a few years ago that, on the initiative of F. Overbeck, extensive 
pollen-analytical work was begun in north-west Germany. 

According to Overbeck (1933 ; Overbeck and Schmitz, 1931 ; 
H. Muller, 1953) the general succession in north-west Germany is 
similar to that of other parts of temperate Europe. The following 
phases have been distinguished : birch-pine, pine-hazel, oak-hazel, 
beech-oak, beech-oak-hornbeam, and culture-spectra influenced by 
man. Up to and during the early Boreal, much of the North Sea, 
including the Dogger Bank, was dry land, and the continental 
character of the climate of what is now north-west Germany was 
pronounced. 

A well-marked Grenzhorizont (see p. 64) separates the Atlantic 
from the Subatlantic, and it is here that this type of unconformity 
in peat-sections was first observed (Weber, 1910). There is no clear 
evidence of a drier Subboreal phase, according to Schubert (1933), and 
the change at the Grenzhorizont is explained as due to a change in the 
conditions of peat-formation, not to weathering under a drier climate. 

Nilsson (19486) has made an attempt to correlate the north-west 
German sequence with those of southern Sweden and Denmark. His 
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results nre included in the Ublc, fig. 2S. lie hns also studicil the 
distribution, relative to the floral periods, of those prehistoric finds 
of svhich the stratigraphical position has been ascertained. His 
main conclusions arc as follows. 

The final phase of the Neolithic and the beginning of the Bronze 
Age arc more or less contemporarj" with the zonal boundary, S III/IV. 
Tfie climax of the early Bronze Age (Period II of Montelius) lies 
somewhere in the lower part of S III, and the Roman period 
(a.d. 0—400) coincides with the upper part of S II. These datings 
agree svith those established for Scania by Nilsson in 1035. 

Nilsson further studied the Postglacial oscillations of the sea- 
level (194S&, p. CO) and obtained results which differ from those of 
Schiilte (1910), the leading German worker. Schiittc considered 
that the sea-level was at — 19 metres in 7800 B.c. and rose to its 
present height with three oscillations with an amplitude of 3,000 
years. Nilsson, however, holds that the sea was below — 50 metres 
about 75Q0 B.c. and had risen rapidly to almost the present level 
by 2000 B.c. A slight recession of about 2 or 8 metres occurred 
around 1000 B.c., after which the rise up to the present level occurred. 
This course of events is simpler than that observed by Godwin in 
East Anglia (p. 103). 

F. BniTAIN AND IRELAND 

Britain. The credit of ha\nng introduced the method of pollen- 
analysis into the British Isles is due to G. Erdtman, a well-known 
Swedish palaeobotanist. In 1928, he published the results of a 
prcliminarj' surv'cy of peat deposits in Britain, in which lie was able 
to show that the general development of the Postglacial in this 
country was the same as in Scandinavia. Few workers, however, 
took up this promising line of research, among them Raistrick 
(1981, 1932), until, in 1934, H. Godwin began a systematic campaign 
with the xdew to establishing the details of Postglacial forest history 
in Britain. His successful work is largely based on the deposits of 
the Fenland which adjoins the large bay known as the Wash, in 
eastern England (Godwdn, 1938, 1940a). 

Godwin found that the succession of tree associations in eastern 
England resembles that of Denmark fairly closely and established a 
system of zones (1940&) resembling that of Jessen, as follows, begin- 
ning with the latest deposit (fig. 83) : 

ATII. Alder-oak-clm-birch-beech zone, representing the Sub- 
atlantic with an increase of birch at the c.xpense of the warmth- 
lo\'ing mixed oak forest. Climate cooler than in the preceding 
period. It is not until this period that the beech becomes a little 
more prominent in England. 

Vll-Vni. Transitional level, which appears to correspond to 
the later part of the ‘ Subborcal In peat-bogs, a Grenzhorizont 
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is often present on top, separating the lower from the upper Sphagnum 
peat. It is certain that the upper Sphagnum peat was formed in a 
climate decidedly wetter than that of the lower, but it is doubtful 
whether the limit itself represents a dry phase. The deterioration 
of the climate at the beginning of the Subatlantic must have been 
sudden ; it marks the beginning of blanket-peat formation in many 
localities which, up to then, had been entirely free from peat. This 
extension and intensification of peat formation post-dates the 
Neolithic and Bronze Age, traces of whieh have often been found 
buried by Subatlantic peat. 

VII. Alder-oak-elm-lime zone. Mixed oak forest, with oak and 
alder dominating, whilst lime is characteristic. Optimum conditions 



BmCH PINE ELH OAK LIHE ALDER HOBNBEAn HAZEL 


FIG. 33. — ^Forest development in eastern England, according to Godwin (1940). 

of Lvarmth, climate comparatively damp. Atlantic phase (Vila), 
and early part of Subboreal (VIK), the boundary being marked by 
a decrease in elm. 

VI. Pine-hazel zone. The transition from VI to VII is very 
distinct in the diagrams. The alder increases very suddenly, whilst 
the pine is greatly reduced. Oak and elm begin to increase earlier, 
in the course of the formation of zone VI. The hazel plays a very 
great part in all the diagrams. The climax of hazel falls at the 
earlier part of zone VI ; it decreases in the higher levels, as the 
elements of the mixed oak association are spreading. Zone VI 
represents most of the Boreal of Blytt and Sernander, 

V. Pine zone. Pollen of warmth-loving trees are practically 
absent, and the pine dominates. The only other pollen present in 
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numbers is that of the birch, and that of hazel which increases 
rapidly towards tlie end of this phase. This is the early part of the 
Boreal. 

IV. Birch-pine zone. The birch dominates over the pine. Onlv 
verj' small quantities of pollen of the warmth-loving trees are present. 
The willow, however, is comparatively important (as in zone V also), 
and the amount of non-tree pollen is very large. This indicates a 
more or less open country witii plenty of herbaceous vegetation and 
birch woods interspersed with pine. This phase corresponds to the 
transition from the Late Glacial to the Postglacial period. 

Ill, II, I. These divTsions have been reserved for the equivalents 
of the Dryas clays and the Allcrod oscillation. A corresponding 
series was first found at Hawke’s Tor, on Bodmin Moor, Cornwall 
(Godwin, 19406, p. 893, see also Godwin, 1941, 1943). Since then. 
Lake Windermere, Cumberland (Pennington, 1947), has furnished a 
sequence of first-rate importance. 

It must be remembered that the correlation of the British sequence 
with those of Denmark and Germany across the sea is a difiiciilt 
matter and that the identification of pollen-zones with the Boreal, 
Atlantic, &c. is no more than approximative. 

Archaeology. On a number of occasions, Godwin has been able 
to correlate prehistoric sites and single implements with zones of 
forest development. He has summarized his results in several 
tables (1938, 1940a, h, c, 1941 ; see fig. 84). 

The earliest site is Star Carr in Yorkshire (early Mnglemosc, zone 
R^). A Maglcmose harpoon was dredged from the Morth Sea be- 
tween the Leman and Ower Banks (transition zone V-Vl). Another 
Mesolithic liarpoon, from Skipsca, Yorkshire, came from zone VI. 
The late Tardenoisinn of Peacock’s Farm (Clark, Godwin and Clifford, 
1935 ; Clark, 1980a ; our pi. V, fig. B) lay underneath the peat of 
zone VII, and a microlithic flake from Plantation Farm (these two 
sites are in the Fcnland) came from zone Vie. The Maglcmose and 
Tardenoisian industries (except the final Tardenoisinn) thus appear 
to correspond to the Boreal. The Mesolithic sequence has been 
studied in detail by Clark (1932, 193Ca), the early site of Star Carr 
being particularly important. (Note (15), p. 408.) 

The Neolithic coincides wath the middle of zone Vlt, as evidenced 
by several finds from Peacock’s Farm (PI. V, fig. B), Mcare Heath, 
Swaffham and Hunstanton, all in the neighbourhood of the Cam- 
bridgeshire Fcnland. The early Bronze Age appears in various 
localities in the uppermost levels of zone VII. The middle and late 
Bronze Ages appear to be confined to the transitional zone VII-VIII 
(Godwin, in Godwin and Clark, 1940c). This agrees well with the 
Continental dates for the Bronze Age. The same transitional zone 
WI-VIII has j'iclded Hallstatt remains at Ingoldmclls, whilst VIII, 
the Subatlantic, contains the Iron Age and Romano-British material. 
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This correlation of archaeological finds and history of the forests 
is consistent with the results obtained in other regions. 

Postglacial transgression of the sea. Fenland succession. The 
rise of the sea from its low level early in Postglacial times up to the 
present-day high level has been investigated in the Fenland by 
H. Godwin (1934, 1940a). Submerged peat from the bottom of the 
North Sea shows that in the Preboreal (zone IV) land existed where 
there are now 18 to 29 fathoms (32 to 52 metres) of water. On the 
other hand, peat from a depth of 19 to 20 fathoms (35 metres), 
between the Leman and Ower Banks, w'hich yielded a Maglemose 
harpoon, dates from the transition from zone V to zone VI (early 
Boreal). During the Atlantic, the water level passed the minus 
20-5 ft.-mark (—6 metres) and rapidly reached, and even slightly 
exceeded, the present sea-level. This part of the transgression has 
left an apparently complete record at Wiggenhall St. Germans 
(Godwin and Edmunds, 1933), near King’s Lynn. The beds and the 
corresponding sea-levels are as follows (interpretation by Godwin, 
1940a) : 



PoUen zone 

Sea-level at 

Peat bed A 

Vila 

— 23-5 ft. 

Bmckish water clay B 

— 

- 10-5 ft. 

Peat bed C 


- 17 ft. 

Blue clay D 

Vllb 

+ 2 ft. 

Peat bed E, base 

— 

- 5-10 ft. 

Peat bed E, top 

VII-VIII 

- 11 ft. 

Sorobicularia clay F 

— 

-f 2-5 ft. 

Peat bed H 

VIII 

- 7-8 ft. 


The record of peat bed A, combined with the records from the 
Boreal and the pre-Boreal, shows that the rise of the sea-level was 
extremely rapid in the early stages, namely about one metre per 
century. 

From the late Atlantic onwards, the records of the movements 
of the sea-level are considerably more detailed, as shown above in 
the list of the strata of Wiggenhall St. Germans. There were a 
number of minor fiuctuations, confirmed by Godwin and other 
workers in a good many localities. After a slow rising or even a 
stagnation of the sea-level during the early Subboreal (Neolithic) 
at about — 24 feet ( — 7 metres), the sea began to rise rapidly 
during the formation of pollen zone Vllfe (Subboreal, Bronze Age) 
to about two feet alove the present sea-level. The fen clays and 
other inundation clays were formed during this transgression. Soon 
after, however, the sea-level appears to have dropped again, since 
erosion channels were cut into the fen clay. Godwin estimates 
this drop, on the evidence obtained bySwinnerton (1931) at Ingold- 
mells, Lincolnshire, at 12 to 15 feet. Climatically, this low level 
corresponds to the early part of the transitional zone VII-VIII 
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(laic Subborcal ; late Bronze Age and Ilallstatl periods). A second 
rapid transgression followed at the end of the transitional zone 
VII-VIII (Iron Age, beginning of Christian era) up to 5 to 10 feet 



no. 3t. — Forest development and nrchaeolopcal finds in England, according 
to Godwin (IP-tl), witii Swedish time-scale added. (See fig. 30.) 


above tbe present water level. Another clay deposit, the Scrobicu- 
laria Clay, was formed. Since that time, the sea-level has, according 
to Godwin, dropped again to — 7 to 8 feet (about a.d. 700) and 
finally risen to its present height. Tins lost oscillation is confirmed 
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by an interesting observation made by G. Fowler (communicated 
in Godwin, 1940a, pp. 295-6). He found that, during the last 
900 years the sea-walls at the mouths of the Fenland rivers have 
been built on successively higher levels. (Note (16), p. 409.) 

Essex coast. Further evidence of Postglacial fluctuations of the 
sea-level around the British coasts has been discovered and studied 
near Swansea in South Wales, on the coasts of Essex, and in Bideford 
Bay, North Devon. The Swansea site (Godwin, 1940c) illustrates 
the transgression during the Boreal. Since South Wales is within 
the zone which suffered isostatic re-adjustment, it is not discussed 
here. 

On the coast of Essex, two large areas of Neolithic and Bronze 
Age occupation sites occur at Clacton-on-Sea and Walton-on-the- 
Naze, respectively. They have been investigated, among other 
workers, by S. H. Warren who for many years has concentrated his 
attention on the sites at Clacton. A report, which includes the 
Walton site, was published by Warren, Piggott, Clark, Burkitt and 
Godwin in 1936, and sinee then the present author has been able to 
continue observations at the latter locality, thanks to facilities most 
kindly afforded by Mr. Miles C. Bvurkitt. 

WaUon-on-the'Naze. The site at Walton lies on a peninsula 
called the Naze which extends from the town northwards between 
the sea and the submerged river system of Hamford Water and 
Walton Backwater. It is made up (fig. 85) chiefly of Red Crag and 
London Clay and capped by a brown weathering layer. The 
northern half of this peninsula is marshland at the seaward edge of 
which the Postglacial deposits are exposed over a length of about 
2 miles at low tide. As the surface of the Naze core slopes down 
towards the marshland, the brown weathering layer comes down 
also and finally dips beneath the present sea-level, where it is covered 
by Scrobiciilaria Clay. This weathering layer is the ‘ rainwash ’ 
of the reports ; it represents the soil of a phase when the sea-level 
was lower than to-day. It continues to dip in a northward direction, 
towards the mouth of the drowned river system of Hamford Water 
and disappears below the low-water mark. The localities 1 and 2 
of the report (Warren and others, 1936), therefore, whieh are close 
to the old London Clay core, show the most complete succession of 
deposits (fig. 35), from top to bottom, as follows : 

F. Recent salt-marsh, destroyed by wave action to the seaward 
of the sandy beach ridge which is advancing over the marsh. 

E. ScTohicularia Clay. This clay attains a thickness of at 
least 10 feet and reaches up to about 2 or 3 feet below high-water 
mark. Since Scrobiciilaria is considered unable to live above low- 
water mark, it is likely that this clay indicates a rise of sea-level to 
about 8 to 9 feet above O.D., the tidal range at this locality being 
about 11 feet. This figure agrees well with that of -f 5 to 10 feet 
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found by Godwin for the Scrobimlaria Clay of the Feninnd nt 
Ingoldmclls. 

D, Tlie * peat which is absent over wide areas and is nowhere 
more than a few inches thick, is really a peaty marsh-clay. Godwin 
found from the pollen contents that it developed in a brackish water 
zone over a salt marsh. The tree pollen was so scarce that neither 
here nor in the corresponding deposit at Clacton satisfactor}- countings 
could be carried out. Godwin found, however, tliat beech was 
present and concludes that the peat is not likely to be earlier than 
Bronze Age. 

C. The occupation level is marked by a brown weathering 
horizon of the underlying deposits. This weathering horizon is 
locally absent, however, and was probably sometimes removed by 
man. The top few inches are frequently blackened, ns a result of 
human occupation, and it is dilTicult to decide whether peat (D) is 
definitely later than this occupation horizon, or more or less con- 



ric. 33. — Section from the Naze to Stone Point, 'WnUon-on-thc-Naze, Essex. 
Riglit-liand column : lettering ns in text. LCL : Eocene London Clay, top 
wcatliered in the Naze. CR : Crag, lower Pleistocene. GC : Liglit grey clay. 
R\V : Rainwash. P : Peat and occupation level. SC ; ScTobicularia Clay. 
SM : Salt-marsh and sandy beach-ridge. 

temporary with it. Cooking holes were cut into the brotvn weathering 
horizon. It is remarkable that potboilers, flints and sherds occur 
also down to about one foot in the brown weathering horizon. This 
is likely to be due to disturbances in the soil as they arc normally 
connected with human occupation. 

Apart from derived Lower Palaeolithic, and some possibly 
Jlcsolithic, patinated flints found in the weathering layer, all flints 
and sherds found here as well as at Clacton belong to the Lower 
Halstow Culture (few specimens). Neolithic A (Windmill Hill, plenty). 
Neolithic B (few), grooved ware Neolithic, and Beaker B (Bronze 
Age, few). No other Bronze Age types have been recorded. 

Wooden structures which may have been huts have been 
mentioned repeatedly by Warren and Burkilt. One such structure 
was visible in June 1937. Between the upright poles there was what 
appeared to be a layer of wattle, and the ground around the structure 
was strc%vn with potboilers, round flint pebbles, and cockle shells. 
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but no datable flint implements or sherds were formd. The age of 
this and similar structures is limited by (a) their erection on the 
weathering smface of (C), and (6) by the ScroMcularia Clay covering 
them. They may be contemporary mth the Neolithic-Bronze Age 
occupation, or later. 

The hut just described is of particular interest since it stands 
close to an ancient water course whose flanks are covered with plant 
stalks (probably some kind of reed). This water course was once 
filled with and covered in by ScroMcularia Clay and is, therefore, 
older than this deposit, though in recent times the sea, having 
washed away most of this clay, uses the channel again, as a tidal 
creek. Similar water courses have been described by Warren from 
Clacton. This author is inclined to regard them as artificial. He 
brings forward evidence for their contemporaneity with the Neolithic- 
Beaker occupation, no implements other than Neolithic or Beaker 
having been found in them. 

B. Underneath the brown weathering horizon (C), a light grey 
clay is observed (greenish clay as described by Burkitt). Burkitt 
noticed that this clay differs from the underlying London Clay in 
being softer, and that there is a layer of marine shells at its base. 
He suggests that the clay may be estuarine. My own observations 
point in the same direction. I found Cardium edule L. in the clay. 
In view of the possible importance of this deposit, however, more 
definite evidence of its origin is desirable. 

A. London Clay, solid and typical. 

The succession of Walton has been given here in detail since it 
differs to some extent from the succession observed by Godwin in 
the Fenland. Godwin found evidence that the sea-level had risen 
to about — 20 feet in the late Neolithic, and that it exceeded the 
present level twice thereafter, in the early Bronze Age (-4-2 feet) 
and in the Iron Age (-|- 5 to 10 feet). At Walton, the apparently 
estuarine clay (B) suggests a sea-level at least as high as the present 
one, cnfedating the Neolithic, and there also is definite proof of one 
sea-level of about -}- 8 to 9 feet after the Bronze Age, The latter is 
probably the later of the two transgressions of the Fenland, Evidence 
for the earlier is still missing. 

Fluctuations in the Postglacial Transgression. Godwin’s three 
high sea-levels are about 1,800 to 2,000 years distant from one 
another. If the pre-Neolithic high level can be further substantiated, 
it seems that, on the whole, the Postglacial transgression proceeded 
in a fluctuating manner. It may be well worth while to consider 
these fluctuations in detail when more evidence has become available 
and to see whether or not they can be correlated with one of the 
astronomical, climatic or geological cycles of medium length. 

The opening of the English Channel. The question of the opening 
of the English Channel in Postglacial times is intimately connected 
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TvitJi the nuchmtions of the sea-level. There is a wide-spread 
misconception that the Chalk ridge which once may have extended 
from Dover to Calais was not breached until after the Last Glaciation, 
the separation of Britain from the Continent being effected in this 
manner and at such a late date. 

In fact, the Chalk ridge must have been breached at an earlier 
date. It has been pointed out by Reid (1913) and other workers 
that, during the two maximum glaciations (Penultimate and Ante- 
penultimate Glaciations), tlie melrivater of the ice, together with the 
waters of the Thames and the Rhine, is likely to have drained 
through the Straits of Dover. This implies that there was a gap 
or that a gap was eroded by these waters. 

^loreover, interglacial beach deposits of the Monaslirian phase 
(see p. 128), of the Last Interglacial, arc found on the French side 
of the Straits to the cast of Calais, round the corner where the 
Flandrian plains begin. This supports the xdew that the Straits 
were a sea channel during the Last Interglacial. It is further 
strengthened by the occurrence in the Eem deposits of the North 
Sea of the Last Interglacial of many mollusca commonly regarded 
as members of the Lusitanian fauna. Such forms, which are sensitive 
to cold water, arc more likely to have entered the North Sea through 
the English Channel than around the northern tip of Scotland. 

There is plenty of cridcnce that wave action, intensified by 
tidal scour, has widened the gap between Dover and Cape Gris Nez 
since it became flooded in Postglacial times. It is likely, therefore, 
that during the Last Interglacial the Straits were narrower than 
they are now. VaTfi KM 6)^3 

The present conditions in the Straits are such that a drop in 
sea-level of about 40 metres would produce a broad and uninterrupted 
connexion of Britain with the Continent (for figure, see Fox, 1938, 
p. 25). Since the sea-level is considered to have receded to — 100 
metres during the Last Glaciation, it is evident that, in spite of the 
greater age of the gap in the Chalk ridge and in spite of its sub- 
mergence during the Last Interglacial, a land bridge existed during 
the Last Glaciation, and presumably for some considerable time 
afterwards. 

The question as to the date of the Postglacial re-opening of the 
Straits of Dover, therefore, should be formulated more precisely : 
At which date was the flat floor of the gap in the Chalk ridge flooded, 
when the sea-level rose in Postglacial times ? It is comparatively 
easy to answer if only an approximate date is required. In the 
Dogger Bank area, the — 40-mctre level was submerged in early 
Boreal times, about 7000 n.c. Provided the floor of the Straits was 
not covered with thicker deposits than it is now, the sea may have 
flooded it at about this time from the west. This is the earliest 
possible date for the Postglacial separation. If one accepts Nilsson’s 
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(19486) analysis of the rise of the level of the North Sea, the 40-inetre 
level was submerged about 6000 B.c. 

If, however, there were on the floor of the Straits deposits which 
have since been removed by tidal scour, and it is quite likely that 
there were some, the submergence of the floor of the Straits may have 
occurred at a somewhat later date. 

The upper time-limit is given by the completion of the Post- 
glacial transgression. In north-west Germany, the present level 
was reached in the middle of the Subboreal, about 2000 b.c., and 
by this time the separation of Britain from the Continent would 
have been completed (Zeuner, 1935 ; Stamp, 1936). But the — 10- 
metre mark had been passed by 3500 b.c. according to Nilsson (19486), 
whilst the transgression gave way to an emergence at this time 
according to Godwin (1945, also fig. 38). 

In view of the significance of the precise date of the separation 
of Britain from the Continent, the limits obtained in this way, i.e. 
between 7000 and 2000 B.c., are unsatisfactorily wide. 

Recent evidence has tended to favour an early date within the 
above limits. Ullyott (1936) used the present distribution on both 
sides of the Channel of flatworms ■with definite climatic requirements 
in order to show that * the freshwater connexion between England 
and the continent was severed before the [summer] temperature 
had risen to 16* C.’ Since a land connexion may have persisted 
somewhat longer than a connexion of the freshwater systems, the 
date of the marine submergence may be slightly later. Clark 
(19366) points out that Ullyott’s e'vidence places the severance well 
vithin the Boreal phase, ‘ before its later stages when the tempera- 
tme curve rose to its maximum during Postglacial time ’. Clark 
finds such an earlier date further substantiated by the absence from 
Britain of certain Danish late Maglemose types of implements, 
which indicates that a break in cultural relations had taken place by 
that time. In this manner, a date between 7000 and 6000 b.c. 
for the separation can be supported. 

Advocates of a later separation, on the whole, accept the geological 
and palaeobotanical evidence, but adduce archaeological evidence 
suggesting that the Straits of Dover w'ere still either very narrow, 
or dry land, when the immigration of the Neolithic ‘ A ’ people took 
place. This view is held, for instance, by Fox (1938) who argues 
that the sea-route through the English Channel and the North Sea 
to reach Scandinavia and the Baltic was hardly used at all by 
Neolithic man, and that he preferred the northern route round the 
north of Scotland. Fox suggests 5000 b.c. as a date for the separation 
but thinks that the Channel remained narrow and shallow right 
into the third millenium b.c., on the one hand preventing Megalitliic 
man from using the dangerous North Sea route with its shoals and 
strong tides, and on the other hand enabling inland folk such as the 
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Xcolithic ‘ A ’ people to fern* ncross the narrow Straits and reach 
Britain in calm weather. 

Peake (193Sfl, b) goes mucli further than Fox in stressing the 
latter point. In his \new, the Xcolithic ‘ A ’ people could not even 
have ferried their cattle ncross to England, and this would tend ‘ to 
indicate tliat the Kent-^Vrtois ridge was not breached until close 
on 2000 n.c.’ Since, however, geolog)' suggests tliat the breaching 
of the Chalk ridge took place before the Last Glaciation, so that 
only low-lying marshes and dunes would have been submcrgctl when 
tlic sea broke tlu-ough in Postglacial times, Peake’s argument stands 
and falls with the question whether the eattlc were driven overland 
or ferried ncross a narrow strip of water. The extremely late date 
favoured by Peake, therefore, has practieally no chances of being 
substantiated. Fox’s argument concerning the scantiness of evidence 
for the Neolithic sea-route through the Straits is more serious ; he 
suggests himself that strong tides and tlic dangers of the shallow 
North Sen may have acted as a deterrent, so that his theory docs 
not contradict, but merely elaborates, the theory of the earlier 
break-through. 

It is suggested, therefore, that the separation of Britain from 
the Continent occurred in late Boreal times, between 7000 and 
COOO B.C., and that the widening of the gap was a gradual process, 
so that immigration into Britain became increasingly dilTicult as 
time went on. 

Ireland. In Ireland (fig. 30), the climatic changes during the late 
Glacial and Postglacial times have recently been investigated by a 
number of authors, among them the members of the Harvard Irish 
Survey (Mo'vius, 1942) in co-operation with K. Jessen (1949). Other 
important work is by Farrington and by Mitchell. 

AUerod Oscillalion in Ireland. The Allcrod Oscillation is well 
established for Ireland. In one of the bogs at Ballybctagh, near 
Dublin, Farrington and Jessen (1938) found that two periods of 
solifluclion (zones I and III), which appear at the bottom of the 
section, are separated by a mud with birch, willow, juniper, pine 
and other plants (zone II). The layer has yielded also remains 
of Calathiis fuscipes (Goeze) (= Calalhus cisicloidcs (Panzer)), a 
beetle of wide distribution in Europe which, liowevcr, does not go 
farther north than 031° in Norway, GO” in Sweden, CO^ in Fin- 
land, and 62° in north-west Russia.* This form illustrates fairly 
well the kind of northern forest that grew at Ballybctagh at that 
time. 

Similar successions have been found by Farrington and Jessen 
(1938) in tlrree other Irish bogs and also on the Isle of Man, and 
Mitchell (1941) found it in one further Irish bog. The correlation 


> It is not ndmissiblc, thcrctorc, to call tliis beetle a * southern ’ form, as done 
by Movius (1010, p. 12). 
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of the Irish zones I, II, III with the Danish Early Dryas, Allerod 
and Late Dryas zones, therefore, is very tempting, especially since 
in both areas the pre-Boreal conditions set in only above zone III. 
lessen (in Farrington and Jessen, 1938), therefore holds the view 
that zone II corresponds to the Allerod Oscillation of Denmark. 

Later stages in Ireland and archaeological chronology. Zone IV 
appears to represent the transition to the Boreal, as in England. 
The Irish zones from V upwards, however, were not identical with 
those of England, until a revision was suggested by Jessen in 1949. 
The Old and the New Irish sj^stems are tabulated in fig. 28, p. 73. 
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FIG. 3G. — ^Distribution of prehistoric finds over tlie pollen zones in Ireland, 
according to Mitchell (1945). Old Irish pollen zones. 

Mitchell (1945), who discussed the pollen zonation in Ireland, pointed 
out that the decline of the elm, which marks the boundary between 
E \TIa and E VII6 in England and between the Atlantic and the 
Subboreal in southern Scandinavia, is not consistently apparent in 
Irish diagrams. 

Mitchell has identified the pollen horizons of a large number of 
prehistoric finds from Ireland. These are tabulated in fig. 36. An 
industry of Upper Palaeolithic aspect appears to have survived into 
the Early Boreal near Toome on the shores of Lough Neagh (Movius, 
1940i ; Mahr, 1937). The Mesolithic is present in the form of the 
Lamian, which is found in situ in Vb. But Mitchell (1947) found 
at Rockmarshall a kitchen-midden which suggests that the Larnian 
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mny hnve suirived close on to Xcolithic times. The Neolithic and 
Bronze Ages arc found in zone VI, mainly its uppermost part, and 



no. 37. — Synthetic diagram of tlie development of the forests in different 
regions of temperate Europe, illustrated by localities arranged in a direction from 
south to north. 

(1) Auvergne, 1,200 metres : (2) Bern, Switzerland, 524 metres j (3) Vogcls- 
berg, south-west Germany ; (4) Copenhagen ; (5) central Scania ; (0) Boris, 
south Sweden ; (7) Krj-lbo, north Sweden ; (8) Solleftci, norlli Sweden ; 
(0) Kulbiickslidcn, nortli Sweden ; (10) Kuusamo, Finland ; (11) Muonionniskn, 
Finland ; (12) Kilpisjarvi, Finland. 

The kinds of pollen arc shown separately. In each unit, time proceeds in nn 
upward direction. Each vertical column sliows the composition of the pollen 
diagrams of one locality, whilst the horizontal columns demonstrate the clmngcs 
in tiie frequency of certain kinds of pollen due to geographical factors. Tlie 
diagram thus illustrates the geographical variation in the development of the 
Postglacial flora in different parts of temperate Europe. — After von Post (1029li). 


in VII, corresponding probably to the Subboreal. The two Iron Age 
finds, however, appear to have sunk in the peat, since they occurred 
in zone VII. 
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G. LATE GLACIAL AND POSTGLACIAL (MESOLITHIC TO IRON AGE) 

CHRONOLOGY 

Events on which a chronological system can he hosed. The pre- 
ceding regional survey, incomplete though it is, shows clearly that 
the successions observed in the various areas resemble one another 
to a great extent, but they are not identical. They all agree on the 
general succession of glacial or solifluction deposits, tree-less tundra, 
birch-pine forests, a transitional phase with dominance of hazel, 
mixed oak forests, and finally beech forests (in those areas which 
were reached by the beech).^ One can add that at the beginning 
of the floral succession, an alternation of tundra, birch-pine, tundra, 
birch-pine (or some equivalent duplication) is observed in so many 
areas of the belt surrounding the Scandinavian Glaciation, that this 
also has to be regarded as part of the general succession. 

In attempting to employ this succession in the construction of a 
chronological system, two complications enter the pictime. 

(1) In an area extending from Finland to the British Isles and 
to Lake Constance, and adjoining a waning ice-sheet, there must 
have existed a distinct climatic zonation, from S to N (approaching 
the ice) as well as from W to E (increasing continentality). It 
cannot be expected, therefore, that all localities passed through the 
same floral phase at the same time. In particular, south-west 
Germany must have been considerably in advance of the more 
northerly regions at all times. Bertsch (1935) makes a point of 
this difficulty. It renders it impossible to arrive at a precise correla- 
tion of two distant localities by merely determining the phase of 
forest development. 

(2) The second difficulty is that of the varying rates of spreading 
of the species. Firbas (1934, 1949) and Bertsch (1935) studied it in 
detail. Bertsch gives the e.xample of the beech (fig. 32) which spread 
at' a much faster rate along the rivers than it did away from the 
rivers, and on the whole spread more slowly than other species. 
It is evident that the method and the rate of spreading determine in 
part the time of its arrival at a certain place. The constitution of 
the flora of any one locality, therefore, is influenced by this factor, 
though to a degree which is as yet hardly determinable. 

In view of these difficulties it is necessary to look for some kind 
of * land-mark ’ in the successions, which can be identified in a large 
number of sections and is of a sufficiently unique character to be used 
^ a reasonably precise chronological datum. The chief requirement 
is, of course, that it was produced by an event which occurred 
simultaneously over the entire area considered. 

There are two conceivable geological ‘ land-marks ’ of this kind, 

/n ' geaeral summaries, see Firbas, 1939 (continental Europe), Godwin, 1941 
(Bntain), Nilsson, 1948a (Denmark), 1935 (Sweden), 19486 (N.IY. Germany). 



100 DATING THE PAST [IV 

the Litorina Transgression and the halt of the ice-rcccssion nt tlie 
Fcnnoscandian moraines, and three botanical ones ; the Allcrod 
Oscillation, the Postglacial Climatic Optimum, and the Subborcal. 
The Allcrod Oscillation is closely connected with the halt at the 
Fcnnoscandian moraines ; they arc, therefore, discussed together. 

Litorina Transgression, chronological signijlcaucc. The Litorina 
Transgression would provide an excellent datum, had there not been 
superimposed on it isostatic movements. As it is, the maximum of 
this transgression was reached locally at different times, depending 
on the relative rates of rise of the sea-level and of the land. An 
encroachment of the sea upon the land could occur only where the 
rate of rise of sea-level was greater tlian that of the land ; where the 
rate of rise of the land overtook that of the sea, ns it appears to have 
happened in parts of Scandinavia, the maximum of the local trans- 
gression will be earlier than the actual maximum as far ns it depends 
solely on the rise of the sea-level. The Litorina beach corresponding 
to the highest stand of this sea, therefore, cannot be contemporaneous 
over tlic entire area. In fact, the ‘ Litorina Maximum ’ has been 
dated nt about 5000 n.c. for Finland, 4500 n.c. for Gotland, and near 
2000 n.c. for Denmark (Troels-Smith, 1937). Tin's retardation in 
the south, or rather the precocity of the maximum transgression in 
the north, is probably the result of the rapid isostatic rise of northern 
Scandinavia. The difTiculties arc further increased by the oscillations 
of the transgression. 

Fcnnoscandian moraines, chronological significance. The halt in 
the icc-reccssion documented by the formation of the Fennoscandinn 
moraines (middle Swedish and south Finnish moraines, Salpaussclku 
phase, p. 28) is the most marked event in the gradual disappearance 
of the ice-sheet of the Last Glaciation. The two or three parallel 
belts of terminal moraines have been dated by dc Geer and Sauramo 
in Sweden and Finland at roughly 8000-7000 n.c, (see p, 82), 
Leaving aside the problem of the accuracy of these figures, it is 
considered possible, and by some probable, that this halt in the 
recession corresponded to a deterioration of the climate, which left 
its trace in the floral history. The pollen diagrams of southern 
Sweden (Nilsson, 1935) provide for only one eorrelation of this kind, 
namely -with the deterioration which followed the relatively mild 
Allcrod phase. 

On the assumption that this correlation is correct, a most valuable 
‘ land-mark ’ becomes available which would date the second Dryas 
Time or its equivalent at about 8000 to 7900 n.c. in any section 
within the triangle Finland — Ireland — south-west Germany. The 
Allcrod deposits or their equivalents would fall slightly earlier, at 
about 9000 n.c. or somewhat more. Thus a valuable guide for the 
dating of the Jlcsolithic has been obtained. 

Postglacial Climatic Optimum, chronological significance. Un- 
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fortvinately, the Allerod Oscillation is too early to help in dating the 
transition from the Mesolithic to the Neolithic, and any later cultural 
phase. For these later times, the Postglacial Climatic Optimum 
and the supposed dry phase of the Subboreal may be considered as 
possible ‘ land-marks 

The Postglacial Climatic Optimum (see p. 67), however, is 
rather difficult to define. There is abundant evidence that for some 
time during the Postglacial, conditions of life for certain plants were 
more favourable than they are at present, and it may be added that 
the same applies to marine shells, as was first pointed out by Praeger 
(1892). The genial period may have been one with a more conti- 
nental climate, i.e. with hotter summers, permitting plants which 
prefer this type of climate to advance northwards. Or it was the 
annual average temperature that was higher than now. The palaeo- 
botanical evidence suggests that in late Boreal times the former 
interpretation applies, and that during the Atlantic, when the 
climate had become decidedly oceanic, the average temperature was, 
for a while, higher than at present. Clearly, a period which is so 
vaguely defined and spread over a great part of the floral succession 
(earliest stage suggested, late Boreal ; latest, Subboreal ; majority 
of opinion, Atlantic) is not suitable to serve as a chronological 
‘ land-mark ’ for the correlation of different areas. 

Subboreal ‘ dry ’ phase, chronological significance. Similar diffi- 
culties prevail as regards the Subboreal. At one time it was con- 
sidered as a clearly marked dry phase of short duration (Gams and 
Nordhagen, 1923), largely under the influence of Weber’s Grenz- 
horizont (p. Gi). Later workers found it difficult to define the 
beginning of tliis phase, and some even began to doubt its dry 
character. It developed so gradually from the typical Atlantic, and 
the Mixed Oak Forest Avas certainly not replaced by constituents 
fond of drier conditions, that the chief evidence for a dry Subboreal 
remains the Grenzhorizont, the layers of tree-stumps in bogs, the 
extension of forest growth to a higher altitude than at present, and 
the subsequent covering of these witnesses of forest by the Sub- 
atlantic, definitely damp. Sphagnum peat. Part of this evidence is 
indicative of the Postglacial optimum rather than a dry phase, and 
since the Grenzhorizont has become a multiple phenomenon and at 
best suggests a change to conditions wetter than previously, the 
evidence for dry conditions during the Subboreal has been weakened. 
It has not been refuted, hoAvever, and Godwin (1941), in discussing 
the Subboreal, holds that indications of dryness exist. But the 
scA'eral recurrence surfaces noAV knoAvn range from the beginning of 
the Subboreal right into the Subatlantic. In north-west Germany 
and Holland Nilsson (1948, p. 53) distinguishes six of them, the 
earliest at the level S IV /V, the latest at S I/II. But that at the 
boundary S II/III (end of Subboreal /beginning of Subatlantic) is 




TK • TroAS^rtMion, contact. 

R.K • Rc/^ression, amlact 

Flo. 38. — Land and sca-Icvcl relations related to the English poIIcn-sequence by God^vin (1015, reproduced with permission). Note that 
the several Danish oscillations of the Litorina transgression are not entered (see Hg. .30). 
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of particiilar interest, since it has been reported far more frequently 
than the others. This is the recurrence smface which became the 
prototype of Weber’s Grenzhorizont. Soil formations in central 
Europe suggest that the inference that the summers were dry 
approximately when the Grenzhorizont was formed, may receive 
further confirmation (Zeuner, 1951). 

It may be that the indications of drjTiess in the Subboreal are 
somehow connected with the slight regression of the sea during that 
time (fig. 38). This regression was not everywhere contemporary, 
nor of the same duration. But in coastal sites around the North Sea 
it pro^ddes a useful guiding horizon. See Note (17), p. 409. 

Absolute chronology of the late Glacial and Postglacial It must be 
admitted, then, that the absolute chronology of the time which has 
elapsed since the maximum of the Last Glaciation, and of the pre- 
historic industries of tliis period has been much improved recently. 
The relative chronology, as based on the correlation of climatic 
phases and the oscillations of the sea-level, suffers from the lack of 
complete contemporaneity, as described in the preceding paragraphs, 
and if one places the chronologies of Finland, Gotland, south Sweden, 
Denmark, Britain, Ireland, north Germany and south Germany on 
one and ^e same time-scale, using the absolute dates suggested by 
local workers, one finds that discrepancies still exist. 

The absolute dates suggested by de Geer and Sauramo for the 
Fennoscandian moraines thus attain the greatest importance as the 
zero-point of prehistoric chronology. Early dates suggested for events 
from Subarctic times onwards have been based on these figures, or on 
others derived from them. Fromm’s (1938) geoclironologically dated 
pollen-diagrams from Angermanland provide the remainder of dates 
in the Scandinavian sequence, and Welten’s work in Switzerland may 
become important as a second pollen-time-scale. But all dates from 
3500 B.c. onwards are more or less influenced by historical cross-dating. 

Attempts at astronomical dating. In view of the difficulties 
implied in varve chronology, some workers on the Postglacial have 
attempted to apply the fluctuations of solar radiation as calculated 
from tlie perturbations of the earth’s orbit (see Chapter V) to the 
succession of climatic phases of the Postglacial (Hyyppa, Gross, 
Bertsch, Rust, etc.). The residts of these various attempts are 
unsatisfactorj’’ and conflicting. 

Radiocarbon dating. The late Glacial and Postglacial periods 
have derived much benefit from the radiocarbon method (p. 341). 
Above all, the age of the Allerod oscillation as based on varves has 
been confirmed. Values from Britain, north Germany and Denmark 
give about 10,000 to 11,000 years ago. 

Specimens of North American wood overwhelmed by the Mankato 
advance suggest that this is synchronous with the Fennoscandian 
moraine, the wood being about 11,500 years old. 



PAJIT III 

DATING THE OLD STONE AGE, THE PHASES OF THE 
ICE AGE ^VND THE PLUVLVL PHASES OF THE 
WAI13IER COUNTRIES 
{Bach io about one million years ago) 

CIIAPTEH. V 

THE RELATHTS AND ABSOLUTE CHRONOLOGY OF THE 

PLEISTOCENE 

As in tlic chronology of the late Glaeial and Postglacial, so in 
that of the Pleistocene, a relative, climatic, chronology has to be 
developed in the first instance, in order to serve as the basis of 
reference for the events to be dated. The late Glacial and Post- 
glacial relative chronologj'^ was supplied by the changes the climate 
underwent between the climax of the last glacial phase and the 
present day, and it was derived mainly from palaeobotanical evid- 
ence ; in the Pleistocene, the relative clironology is provided by the 
succession of glacial and interglacial phases, and it relics mainly on 
alternating geological processes of deposition and destruction of 
deposits. 

In cither case, the absolute chronology has been developed 
independently of the relative clironology, in reliance on some kind 
of astronomical rhythm, namely the j'car in the late Glacial and 
Postglacial clironology and the perturbations of the earth’s orbit in 
Pleistocene chronology. It is necessary to keep in mind that, in 
either case, the absolute cluonology is attached to the "relative 
(climatic) clironologj' by comparatively few links, and that the 
relative chronology has not been made in order to suit the time- 
scale proidded bj’ the absolute clironologj'. The justification for the 
use of the latter as a time-scale consists in a number of coincidences 
which are difficult to explain as pure chance. If anybody regards 
the application of the absolute time-scale as unconvincing, it is 
open to liim to discard this part of the Pleistocene chronology 
altogether. That, however, will not affect the value of the relative, 
climatic, chronology. In order to emphasize this distinction between 
the relative chronology, i.e. the succession of climatic phases as 
established on geological evidence, and the absolute chronology, i.e. 
the time-scale as deduced from the astronomical theory of the 
Pleistocene climate, they are discussed in two separate parts of this 
chapter. These parts are followed by a third which gives the links 
bebveen the two. 
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A. THE SUCCESSION OF CLIMATIC PHASES DURING THE PLEISTOCENE ^ 

Glaciations and inter glacials. Ever since it -was discovered that 
during the Pleistocene large portions of temperate Europe were 
covered vuth sheets of ice emanating from Scandinavia, Scotland, 
and the Alps, CAudence has been brought forward that the process of 
glaciation was repeated several times. The actual number of glacia- 
tions, however, was not easily ascertained since later glaciations were 
liable to destroy or veil the deposits of earlier ones. Moreover, it 
is as a rule impossible to distinguish as products of different glacia- 
tions two superimposed glacial deposits (such as boulder clays or 
bottom moraines ; or glacifluvial or meltwater gravels) unless a 
weathering horizon intervenes. 

Superposition of glacial and interglacial deposits. Investigators, 
therefore, have attempted to recognize phases in the peripheral zones 
of the ice-sheets rather than in the central ones. Here, interglacial 
deposits are more likely to be covered by bottom moraine of the 
advancing ice-sheets, without being destroyed completely. On the 
whole this work has not been very successful. Though interesting 
interglacial deposits, containing temperate faunas and floras, were 
discovered, the local succession rarely fulfilled the requirement of 
proving that more than one interglacial had occurred. Borings were 
more successful in this respect, a few in north Germany having 
produced evidence for two interglacial phases separating three 
advances of the Scandinavian ice (Riidersdorf, for instance, see 
Wahnschaffe and Schucht, 1921). Consequently, the view became 
generally accepted that the Scandinavian ice advanced and retreated 
three times. These three glaciations were called Elster (the earliest), 
Saale and Weichsel Glaciation. 

Geomprphological method, meltxoaier deposits. A different approach 
to the problem is afforded by the belts of terminal moraines and melt- 
water deposits which mark successive halts of the ice. When, 
except for minor oscillations, the ice-margin became stabilized in a 
certain area, a zone of meltwater deposits {glacifluvial gravels and 
sands, elays and varved sediments) developed in front of it. If the 
country was flat, the glacifluvial deposits (pi. IX, fig. B) assumed 
the shape of cones radiating from the points of issue of subglacial 
water-courses (pi. IX, fig. A) or of sheets sloping away from the ice 
and fed by superficial meltwater. Such formations are called sandr 
(pi. X, fig. B). Their distant portions merge into river terraces, 
thus providing a link between the glacial phase and the level occupied 

> This subject-matter is discussed in detail in Zeuner (1945). The present 
treatment is a summary of Chapters I to VI of the publication mentioned, to 
which the reader is referred for fuller information and bibliographical references. 
But many localities which have prowded climatic and archaeological evidence 
are described in Chapters VI to ^Till of the present book. 
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by the river at that time. On the periphery of the Scandinnrian 
iee-shect, wide valleys are obser\-cd, large portions of which are no 
longer used by major rivers and whose surface features and gradients 
betray that they functioned for comparatively short periods only 
and under a frost climate. These conspicuous valleys which run 
parallel to, and at some distance from, the ice-margins arc called 
urslromialcr ; sing, urstromtal (pi. VII, fig. C; pi. X, fig. A). 
They arc of great interest since they enable us to reconstruct 
the hydrograpliical system of the glaciation (Zeuner and Schulz, 
1931), and the subsequent development of tlic modern river system 
from it. 

The bottoms of urstromtalcr arc often very sandy, and winds 
have heaped up the sand in dunes (pi. X, fig. A). Ancient dune 
fields arc frequently met with, therefore, and the shape of the dunes 
makes it possible to deduce the prevalent direction of the wind, 
which was cast in northern Germany (Solgcr, 1910). This has been 
taken as evidence for the existence of anticyclonic conditions over 
the Scandinavian ice-sheet. 

Few urstromtalcr were formed at the margin of the ice-sheet of 
the Alps, for here the general gradient of the surface is away from the 
ice, favouring radial river systems, while the Scandinavian ice moved 
up the gentle gradient from the Baltic Basin towards the mountains 
of Central Europe. The latter arrangement of course favours peri- 
pheral water-courses. The only area of the Alps where peripheral 
urstromtalcr play an important role, is the basin of Lake Constance 
(Sehmidlc, 1914 ; pi. VII, fig. C). 

Wierc the ice discharged its meltwater into river-valleys leading 
away from it, the sandr takes the form of an aggradation of gravels 
which, the river ha\’ing since cut down again, now appears ns a river 
terrace. Such glaciduvial terraces arc common around the Alps. 
It is interesting to note, however, that the early Pleistocene 
gravel-sheets of the Alps are more of the ordinary sandr-type. 
By late Pleistocene times, the rivers had deepened their valleys 
sufficiently for glaciduvial river terraces to become the dominant 
type. 

Terminal moraines. The glacidu\’ial formations are of so much 
more general occurrence than terminal moraines, that they have 
been considered first. At the actual ice-margin, a terminal moraine 
is sometimes built up (pi. 'NTI, figs. A, C ; pi. VIII, fig. B), con- 
sisting of the load of rock-waste, sand and mud, carried by the ice 
(pi. VII, fig. B). Unless pressure is exerted, this debris left by the 
melting ice cannot be piled higher than the thickness of the ice ; 
no conspicuous ridge is formed in this way, and the moraine is 
nothing but the edge or crest of the sloping sheet of the sandr. But 
if the ice margin oscillates and during the small advances actively 
pushes into these deposits, ridges of pressure-moraines arc formed 
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■which sometimes are most prominent geomorphological features. 
These terminal moraines are always recognizable by their internal 
structure, being composed of folded and distorted sandr material 
and boulder clay. 

Glaciations of Scandinavian area. Returning to oim chronological 
problem, it must now be stated that, while the analysis of the zones 
of moraines and sandrs of the Scandinavian Glaciation confirmed 
that there were at least three major glaciations, substantial evidence 
was brought forward in favour of a fourth glacial phase, intervening 
between the Saale and Weichsel Glaciations. It is called the Warthe 
Phase. 

The objection may be raised that a succession of belts of terminal 
moraines and glacifluvial belts need not represent a suceession of 
glaciations separated by interglacials, but merely successive halts 
in the retreat from the maximum of one very large glaciation. 
This objection does apply to certain morainic belts, such as that 
of the Frankfurt-Posen Phase, but there are usually means of 
deciding whether a prolonged interval with a withdrawal of the 
ice to the north was intercalated between two zones of terminal 
moraines. 

First, the younger the moraine, the fresher and more complete 
will be the preservation of the morphological details, such as the 
small hills and pits which are so typical of formerly glaciated dis- 
tricts. If one moves outwards towards the periphery of the Scandi- 
navian area of glaciation, one observes the freshest morphology in 
Sweden, but the features are almost as fresh in eastern Jutland, 
north Germany and northern Poland, until one reaches the line 
usually called the Pomeranian or Baltic End-moraine. 

Outside this line, the morphological features are somewhat less 
distinct, and small elements like pits or kettle-holes, originally filled 
with ice (pi. VIII, fig. A), are rarer. This type of country extends 
to the Brandenburg Moraine of the Weichsel Glaciation. 

Outside the Brandenbiug Moraine, a great difference is notice- 
able, the glacial featiues of the landscape often ha'vdng been destroyed 
by fluviatile erosion and denudation, and replaced by features 
dependent on the modern river system. But the major glacial 
forms, like terminal moraines, are still identifiable. This type of 
country extends southwards and south-eastwards to the Flaming 
Moraine, the moraine of the Warthe Phase. 

Outside this line, glacial features are very rarely preserved, 
and weathering and denudation have caused the disappear- 
ance of much of the evidence for the country ever having been 
glaciated. But erratic boulders and patches of boulder clay and 
glacifluvial gravel are still found. In this area, two moraines of 
different age have been distinguished, partly by the presence 
of two different types of boulder clay -with different contents of 
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erratics,* and partly because tlicy are occasionally separated by a 
horizon of weathering indicating an interglacial climate (see p. 123). 

These two ground moraines arc those of the Elstcr and Sank 
Glaciations. Their c.\tcnsion was, apparently, on the whole nearly 
the same, but in Holland and north-west Germany, Saak appears 
to have c.xcccdcd Elstcr, and the same applies to Russia (see Tcsch, 
1939 ; Woldstedt, 1929 ; Grahmann, 1928). 

This is an instance of the application of statigraphical methods, 
and therefore an illustration of the second way of settling the question 
whether belts of terminal moraines represent independent glaciations 
or merely stages of retreat. 

In the Berlin area, which lies inside the Brandenburg, but out- 
side the Pomeranian Moraine, borings and sections have shown that 
two upper boulder clays are separated by a horizon with a cool- 
temperate fauna which must indicate at least a temporary retreat 
of the ice (the Eixdorf Horizon, Dietrich, 1932). The scries of 
glacial deposits covering the Rixdorf Horizon cannot be later than 
the Brandenburg Jlorainc, or the Wcichscl Phase. Consequently, 
the underlying complex of 40 metres of boulder clays and sand may 
well represent the IVarthe Phase. That this complex is unlikely to 
date from any earlier glaciation is suggested by the fact that beneath 
it a typical interglacial deposit is found (the PaUidina Horizon), 
which in turn rests on a succession of two older boulder clays separ- 
ated by 20 metres of sand. Here, then, appears to be evidence, in 
one section, for the Elstcr and Saak Glaciations (the two lowermost 
boulder clays), an interglacial (Paludina Horizon), the Warthc 
Phase (boulder clay beneath Rixdorf Horizon), a cool-temperate 
oscillation (Rixdorf Horizon), and the Wcichscl Phase (uppermost 
boulder clay and sand). 

The separation of the Pomeranian as a distinct phase is suggested 
by sections in East Prussia {Masurian Inlcrsladial, Hess von Wich- 
dorff, 1915), where fossilifcrous freshwater deposits rest on a boulder 
clay regarded as that of the Wcichscl Phase and arc covered by a 
thin bed of a more recent boulder clay. Fauna and flora, however, 
are of a subarctic character, so that the milder phase which inter- 
vened between Weiclisel and Pomeranian appears to have been 
comparatively cold. 

Climatic succession in (he area of the Scandinavian Glaciation. 
The evidence for climatic phases obtainable in the area of the Scandi- 
navian glaciation can thus be summarized as follows : * 

* Tile distinction of moraines by means of the contents of erratics lias licen 
elaborated by SlilUicrs (103^1) and Hesemnnn (lOSt). It is called Geschiebe- 
zShlung ; in English it is conveniently described as stone-counts. 

’ There nre many problems involved in the establishment of this succession 
(Zeuner, 10 tj. Chapter II). It lias not been fully ascertained whether the Warthe 
Phase is nearer to the 'Wcicliscl or tlie Saale Glaciation. The first nltcmativc has 
been adopted here, but general opinion tends at tlic present to favour tlic second 
(Woldstedt, 1012). The evidence is not yet conclusive. (Note (18), p. 400.) 
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Local terminology General terminology 


Pomeranian Phase 


Phase 3 

Masurian Interstadial 

1 

Phase 2/3 

Weiehsel Phase (Brandenburg Moraine) 

• Last Glaciation -1 

Phase 2 

Rhcdorf Interstadial 


Phase 1/2 

Warthe Phase (Flaming Moraine) j 

i 

Phase 1 


Interglacial (Paludina Horizon) 

Last Interglacial 

Saale Glaciation 

Penultimate Glaciation 

Interglacial, weathering and denudation 

Penultimate Interglacial 

Elster Glaciation 

Antepenultimate Glaciation 

Several noteworthy conclusions can 
(1) The last three glacial phases 

. now be drawn : 

are separated by temperate 


phases only, not by typical interglacials. They may therefore be 
regarded as three phases of one major glaciation. We shall hence- 
forth distinguish such glacial plinses, separated by interstadials, from 
the maioT glaeiaiions (composed of glacial phases) which are separated 
by interglacials. See Note (18), p. 409. 

(2) The three last glacial phases constitute the Last Glaciation. 
In chronological order, we find that the Last Interglacial was that 
folloiving the Saale Glaciation, that the Saale Glaciation may altern- 
atively be called Penultimate Glaciation, the preceding interglacial 
the Penultimate Interglacial, and the Elster Glaciation, the Ante- 
penultimate Glaciation. 

(8) There is no evidence that this succession is complete. The 
fact that the Last Glaciation is divisible into three phases suggests 
that the earlier glaciations also may have been composite. The 
concentric arrangement of deposits and terminal moraines in the 
peripheral zone necessarily suppresses older, smaller phases, evidence 
for which, therefore, is not likely to be available in the area of the 
Scandinavian glaciations. 

Glaciations of the Alps. Fortunately, the forelands of the Alps 
afford a better chance of studying the earlier phases, since their 
deposits are found on the hiUs and the slopes of the valleys of the 
foothill zone where, owing to the great amomit of erosion and the 
radial arrangement of the major valleys, in connection with tectonic 
upheaval, the deposits in question are spread over a considerable 
vertical range. It is here, particularly in an area of upper Swabia 
north-east of Lake Constance, that Penck and Bruckner (1909) 
established their now famous and almost too generally accepted 
scheme of divisions. They tested this scheme around the entire 
periphery of the Alps and found it applicable everywhere. 
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Pend: and Brudcner's four glaciations. Their scheme is bnsed 
on glncinu\'ial gravels, not, as Is often assumed, on terminal moraines. 
Beginning svith the latest deposits, a Loxo Terrace, a High Terrace, a 
Younger and an Older Dedcensdiotler (gravel spread) are distinguished. 
Each of these is connected svith morainic deposits, and the corre- 
sponding glaciations arc called IViinn, Piss, Miiidel and Gunz. Penck 
and Bruckner (1909) also used the amount of erosion between these 
phases of aggradation, and the depth of the weathering of the gravels, 
in an attempt at determining the relative duration of the intcrglacinls. 
They found that the Penultimate Interglacial was about four 
times as long as either of the two others ; hence it has been called 
the Great Interglacial. We shall return to Penck and BrOckner’s 
estimate later (p. 134). 

Phases of the Last Glaciation in the Alps. The same authors 
further recognized subdisdsions of the Last Glaciation, They found 
that the belt of terminal moraines is often doubled. But in certain 
areas, more than two terminal moraines can be distinguished (in the 
Lake Constance area of the Rhine Glacier, for instance). Inside the 
mountain valleys, three halts were distinguished as Buhl, Gschnitz 
and Daun, but these and two mild oscillations (Laufen and Achen) 
have since been almost entirely abandoned, even by Penck, in view 
of the great local variation in the retreat and the consequent dilTi- 
culty of correlating stages in different areas. The Biihl Stage has 
won some fame because Penck, Soergel, and others, correlated it 
with the Pomeranian Phase, but Woldstedt (1928&) has produced 
serious arguments against this view, Biihl being much too insignificant 
a stage to be comparable with the Pomeranian. If one concentrates 
attention on the glacifluvial terraces coming from the moraines of the 
Wurm Glaciation, one finds that three separate stages can be dis- 
tinguished in the Rhine area as constituting the Low Terrace (Kim- 
ball and Zeuncr, 194C). This confirms the threefold division of the 
Last Glaciation recognized in Switzerland (Hug in Lake Zurich area), 
in upper Swabia (Ebcrl, 1930) and in Bavaria (Troll, 1925), althougli 
many details concerning the relative sizes of the three ice-sheets arc 
still obscure. (Note (19), p. 410.) 

Subdivisions of the earlier glaciations of the Alps, Passing on to 
the Penultimate Glaciation of the Alps (Riss), whose glacifluvial fans 
and terraces make up the so-called High Terrace, we find that a 
division into two distinct phases is widely recognized, as by Knaucr 
in Bavaria, by Eberl in upper Swabia, by Kimball and Zeuncr in the 
Lake Constance area, and by Beck in Switzerland, This subdivision 
goes back to observations made soon after Penck and Bruckner 
published their great work in 1909. A ‘ Middle Terrace ’ and a 
‘ Greatest Glaciation ’ were introduced in order to account for a 
supernumerary glacial phase. But as far ns one can sec now, the 
evidence justifies the statement that, between the Great Interglacial 
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and the Last Glaciation, two glacial phases occurred, which both 
correspond to the complex of the High Terrace and, therefore, are 
conveniently regarded as two phases of Penck’s Riss Glaciation. 

Prior to the Great Interglacial, Penck and Bruckner distin- 
guished two glaciations, Mindel and Giinz, corresponding to the 
Lower and Upper Deckenschotter. It is the merit of Eberl (1980) 
to have studied these complexes which plainly were not simple 
imits, and to have recognized several glacial phases in each. He 
found that the Lower Deckenschotter is composed of two phases of 
glacifluvial aggradation which both connected with moraines defined 
as those of the Mindel Glaciation. 

The Older Deckenschotter has been subdivided into seven stages. 
But only the two latest of these are to be identified with Penck’s 
Giinz Glaciation which, therefore, appears to have comprised two 
phases. 

Of the remaining five stages of the Older Deckenschotter, the 
three immediately preceding the Giinz gravels are grouped together 
by Eberl and Knauer (194f2) as Donau (Danube) Phases ; they are 
glacifluvial in character, and appear to be the equivalent of similar 
gravel sheets in northern Switzerland and southern Alsace, called 
Sundgau Gravels (Gutzwiller, 1912 ; van Wervecke, 1924). 

The two earliest Deckenschotter stages, called Siaufenberg and 
Oildbeuren Gravels, differ petrologically from the later ones, and their 
origin is uncertain, while the Staufenberg Gravels are regarded as 
possibly glacifluvial by Eberl, the Ottobeuren Gravels have the 
appearance of a Pliocene deposit, the type of weathering being 
different from that met with in the Pleistocene. (Note (20), p. 410.) 

Correlation of the Alpine and Scandinavian successions. The 
correlation of the Alpine succession with the Scandinavian (north 
German) one is simple. The contemporaneity of Wiirm ■with 
Weichsel (in the ■widest sense) has never been questioned. In both 
areas we find that this Last Glaciation comprised three phases. The 
Riss Glaciation of the Alps (with its two phases) would then appear 
to be the counterpart of the Saale Glaciation of the Scandina^vian 
sheet. This correlation is substantiated (apart from other e^vidence 
to be discussed later) by the Great Interglacial which preceded 
Riss, and the interglacial which preceded Saale, which must have 
been longer than the Last Interglacial since the underlying Elster 
deposits were much more deeply weathered and more widely 
removed by denudation than were the Saale deposits during the 
Last Interglacial. 

Mindel of the Alps, therefore, as preceding the Great or Penulti- 
mate Interglacial, is considered the equivalent of Elster in north 
Germany. Again, there is evidence from the periglacial area, 
confirming this correlation. 

All earlier glacial phases recognized in the Alps cannot yet be 
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identified with certainty in the area of the Scandinavian icc-shcct.* 
The Giinz Glaciation (general term, Earhj Glaciation) is still to be 
regarded as part of the Pleistocene (Pilgrim, 1044; Zeuner, 1945, 
p. 174), whilst on palaeontological grounds the Donau and earlier 
stages arc best regarded as equivalents of the Villafranchian. 

Thus, the glaciated areas of temperate Europe - reveal the succes- 
sion of climatic phases summarized in fig. 89. 
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no. 39. — Correlation of tlie subdivisions of the Pleistocene established In the 
areas of the Scandinavian and Alpine Icc-sliccts. For furtlicr details, sec fig. 47. 

Periglacial area. Although the formerly glaciated areas of 
temperate Europe supply the backbone of the relative chronology, 
they arc comparatively barren from the palaeontological and archaeo- 
logical point of view. Most of the famous sites wliich have yielded 

* There is faunal evidence for two cold phases corresponding to Alpine GQnz, 
in the East Anglian Crags. Sec Zeuner (1037a). Prc-Elstcr houldcr-claj-s have 
been found by van 'Wcivccke. 

’ Tlic British succession is of a similar tj-pc ns that of north Germany, with 
which it can be correlated. For details, sec Zeuner (1037a ; 1915, Chapter IV). 
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abundant faunal remains and artefacts of man are situated in a zone 
which, during the glacial phases, was not itself glaciated but suffered 
an intense frost climate. This periglacial zone may be defined as the 
zone in which during any particular glacial phase the climate favoured 
permanently frozen subsoil {tjaele) as is formd at the present day in 
northern regions from Lappland to Siberia and central Asia, and in 
Alaska (Leffingwell, 1915). The occurrence of tjaele and various 
types of frost soils in the Pleistocene of central and west Europe has 
been abundantly confirmed (pi. XI, figs. A, B, and pi. XII, fig. A) 
and maps have been constructed of their distribution (Poser, 1947). 

Solifluction, Closely connected with the phenomenon of tjaele 
is that of solifluction. Since water, especially the meltwater of snow 
in spring, is prevented from seeping away by the frozen subsoil, the 
thawed upper stratum of the soil becomes so water-logged that it is 
liable to move down any inclined surface. Since heavy frost pro- 
duces, by repeated freezing and thawing, vast quantities of fresh 
debris, the material which is transported to the valley bottoms is 
rapidly replaced, and the process continues so long as the frost 
climate persists. Solifluction deposits, therefore, are a conspicuous 
feature of sections from the periglacial zone (pi. XII, fig. C). 

Tundra. The periglacial zone comprises three chief types of 
environment, tundra, loess steppe, and taiga. The tundra is the 
sub-zone of dwarf shrubs and mosses, and of abundant peat formation. 
It is now restricted to the polar zone. Fossil evidence shows that 
it was closely associated with the sandrs and generally dominant 
near the ice-margin. In central Europe its belt was about 50 miles 
wide during the more intense glacial phases, though it certainly re- 
appeared in more distant patches, particularly in the hills. The 
tundra sub-zone must not be visualized as an unbroken cover of 
vegetation ; most of the ground was probably barren, and plant 
growth confined to valley sides and other favourable localities, as 
it is now to be observed in Spitsbergen or Greenland. 

Loess steppe. The loess steppe constituted the middle belt of the 
periglacial zone. It was distinguished from the tundra by its drier 
soil and climate, deposition of dust brought by the winds from the 
bare surfaces of moraines, gravel-spreads and moimtains being its 
characteristic feature. The vegetation was probably of the short- 
grass steppe variety. The loess steppe required a continental climate. 
It did not develop on any large scale in central and west Emope 
during the weaker glacial phases (third phase of Last Glaciation, for 
instance), though during the more intense ones it extended its area 
to the coast of Normandy (fig. 40). The loess belt increased in 
width eastwards, attaining to several himdred kilometres in south 
Russia. 

The periglacial loess steppe, the climate of which has been recon- 
structed in some detail (Zeuner, 1937&), provided ample food, at 
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least during certain seasons, for grazing mammals. It was, there- 
fore, of great economic importance for early man, and manj’ hunting 
sites have been discovered in loess deposits. 

From the point of \'iew of prehistoric chronology, the European 
loess belt is the most important of all Pleistocene formations. Since 
vast quantities of loess were deposited in places removed from the 
destructive actinty of running water, the chances for the prcser\’ation 
of sections were comparatively good. On the loess formed during 
a glacial phase, an easily recognizable weathering soil developed in 



no. 40. — The loess belt of Europe. Some loess is present in southern England 
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the milder climate of the following interstadial or interglacial (pi. XII, 
fig. B). This soil, in turn, was buried under fresh loess brought 
dming a later glacial phase. The succession of fresh loesses and soil 
horizons, therefore, provides us with a most valuable climatic record, 
from which a minimum number of alternating cold and temperate 
phases has been derived. Many instances will be described in 
Chapter VI. Here it suffices to say that in central and west Europe, 
up to 6 loesses can be distinguished, whilst the number is larger in 
eastern Europe. As many as 11 have been recorded from Hungary. 



but has not yet been mapped in detail. Modified, after Gralimann, 1932. 
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The follotring summary* of loess phases is based on northern France 
and west Germany : 


Postglacial and modem surface soil 

Younger Loess III 

Very tliin soil 

Younger Loess II 

Soil 

Younger Loess I 


iTlirec Phases of 
(Lost Glaeiation 


Thick soil indicating a long period of intense"! 

svcathcring, climate at times warmer than now. tLast Interglacial 

‘ Argilc rouge ’ of northern France. J 


Upper Older Loess 
Soil 

Middle Older Loess 
Soil 

Lower Older Loess 


Earlier 

Glacial Pltascs 


The correlation of this succession trith that of the glacial phases 
is rendered possible by the climatic terraces of the rivers, on which 
loess was deposited and which were covered by glacial deposits 
(moraine and vart'cd clay) in districts reached by the ice. In order 
to appreciate this evidence it is necessary to consider sections in 
detail. A few instances are given in Chapter VI. 

Taiga, To the south and south-west, the pcriglacial zone was 
bordered by temperate forest wliich extended far into the present 
Mediterranean region (Chapter VII). Yet, the transition from the 
loess steppe with its dry-continental climate and, ns a rule, per- 
manently frozen subsoil to the forest "with its more humid climate 
and not-frozen soil cannot have been abrupt. It is to be assumed 
that a transitional zone of stunted coniferous forest on frozen sub- 
soil intervened between the two, similar to the taiga of northern 
Europe and Siberia. There is no direct evidence for taiga in the 
pcriglacial zone, but near the southern margin of the loess belt, 
strips of country which might have been favourable for the develop- 
ment of forests even during a cold phase (slopes of river-valleys, for 
instance) are in fact devoid of loess. This peculiar absence of loess 
from districts where one would expect to fi nd it, canbe explained 
by the assumption of forest growth. Stunted forest of the taiga 
tjTpe may have played a larger part in pcriglacial Europe than is 
commonly assumed. There are several species of mammals in 
pcriglacial faunas which are now typical of the taiga, such ns the 
glutton. 
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Soils, and weathering in a temperate climate. Moraines, loess and 
solifluction are evidence of a cold climate. We have repeatedly had 
occasion to mention that mild climates are often indicated in the 



no. 41. — Soil chart of Europe, much simplified. Black : chernozem ; 
B ; brownearth j P : podsol ; RI ; mountain soils ; T : Terra Rossa, a Medi- 
terranean soil ; C : chestnut soils, dry-continental to semi-desert soils. Note 
the islands of chernozem in central Europe, which correspond to relatively dry 
and warm localities. — ^From Zeuner, 1945. 



FIG. 42. — Soils of the Last Interglacial. Cross : chernozem. Circle : brown- 
earth or podsol. Note the similarity in distribution of these fossil soils with those 
of tlie present day (fig. 41). It indicates that the cUmate of the Last Interglacial 
was, for some considerable time, similar to that of the present day. — From 
Zeuner, 1945. 

sections by buried soils, i.e. horizons formed by chemical ■weathering 
from land-surfaces which are now covered by later deposits. The 
process of chemical alteration of the surface down to a depth of 
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(usually) a few feet is almost completely impeded in frost climates. 
In temperate climates, certain chamctcristic kinds of soil arc formed, 
sueh ns podsol, brownc.irtli and cherno7.em. The last-mentioned, a 
blackish soil, is developed in steppes with a hot summer and cold 
winter. Browncarth and podsol soils arc chamctcristic of the humid- 
temperate countries. 

In a seetion, the presence of a weathering soil is sufficient to 
indieate a temperate climate, but though most soils arc conspicuous 
to the eye (pi. XII, fig. B) it is always neccssar}' to confirm their 
presence by chemical or mechanical tests. When a large amount of 
data has been collected from localities exhibiting soils of a certain 
interglacial, it is possible to construct charts for the distribution of 
types of soils during that period. This has been done for the Last 
Interglacial, as shown in figs. 41 and 42. 



no. 43. — A river cutting its valley under ordinary, liumid-tcmpcmtc, 
conditions. — From Zeuner, 1045. 


Periglacial river terraces. Other important evidence for the 
sequence of elimatic phases in the pcriglacial zone is provided by the 
rivers of central Europe. Being far removed from the sea, these 
rivers were not influenced by the fluctuations of the sea-level ; being 
situated in that narrow portion of the pcriglacial zone which separated 
the Scandinavian and Alpine ice-sheets, they responded readily even 
to minor changes of climate. During temperate phases (as to-day), 
these rivers contained sufficient water to carry some load and to 
erode at the same time (fig. 43). Down-cutting of the river’s bed, 
therefore, took place mainly while the climate was temperate. On 
the other hand, while the climate was of the pcriglacial type (fig. 44), 
solifluction brought enormous quantities of rock-waste into the river, 
the springs supplied little water during most seasons, and the over- 
loaded rivers deposited their surplus load (pi. XIII, figs. A, B). 
During the next temperate phase, erosion was resumed, tlic gravel 
aggradation was quickly cut tlu-ough and erosion usually cut into 
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the underlying bed-rock until the climate became periglacial again. 
Thus, an aggradation terrace was formed.^ The repetition of the 
process resulted in a sequence of river terraces, each indicating a 
phase of periglacial climate, and the erosional steps representing 
interstadials or interglacials. 

The investigation of the climatic terraces of European rivers was 
greatly advanced by Soergel (1921). It has since been elaborated 
still further by many workers. Their results have supplied evidence 
for a succession of climatic phases which agrees well with the succes- 
sion of phases found in the glaciated areas, particularly in the Alps. 

Now, a correlation of the sequence of terraces with the sequence 
of glaciations can be effected in certain areas where the Elster and 
Saale glaciers advanced far up the valleys of the rivers under con- 
sideration. Their moraines and varved clays were deposited, con- 



FiG. 44 . — A river aggrading a gravel-sheet under the influence of the periglacial 
climate. — ^From Zeuner, 1945. 


formably, on the gravel aggradation formed by the river while the 
ice was advancing. This conformable superposition of glacial sedi- 
ments on river gravel provides a valuable stratigraphical criterion. 
The correlation of river terraces and glacial phases effected in this 
manner is best given in the form of a table (fig. 45). 

General terminology of climatic phases. This work on climatic 
river terraces has confirmed the detailed chronology based on the 
glacial phases of the Alps to such an extent that one is justified in 
abstracting from it a sequence of climatic phases applicable to 
temperate Europe in general. It is not advisable, therefore, to 
extend the use of a local terminology, such as the Alpine one, to other 
areas, but rather to adopt a neutral terminology of climatic phases 
which can be used when no reference is made to a local succession. 

* Actually the aggradation took place while the climate was deteriorating, 
and the^ erosion began when the climate began to improve after the climax of 
the glacial phase. This detail need not concern us here. See Zeuner, 1945, p. 25. 
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In this vray, the local terminologies, especially the much misused 
Alpine one, retain their original, geographically restricted, significance. 
If, therefore, Saalc or Wcidiscl is mentioned in this book, a glacial 
phase of the Scandinasnan ice-sheet is being discussed. If terms like 
Riss or Wiirm arc used, phases of the .tVlpinc icc-shcct arc referred to. 
But if the general terminology (fig. 39, column 3), for instance Ante- 
penultimate Glaciation, or an abbresiation like LGl;/j, is used, tlie 
climatic phase as such is meant irrespective of local conditions. 
The distinction here made may appear unnecessarily dogmatic, but 
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no. 45. — Correlation of river terraces in central Europe. Silesia, Oder 
aystem. Muldc, Elslcr, Um, Saale, tributaries of the Elbe. Werra-tVeser, 
system of tlic tVescr. Rhine, terraces in, and north of, llie Rhenish Schieferge- 
birge. — After Zeuncr (1938). 

the confusion brought about by the indiscriminate use of the Alpine 
terms in all parts of the world, and the need to distinguish local 
succession and climatic fluctuations for the purposes of the absolute 
chronology, has, after much hesitation, convinced me that it is 
better to introduce a simple general terminologj' which both in its 
full and in its abbreviated form is readily intelligible. 

Minor phases. The table, fig. 45, which summarizes the systems 
of river terraces, fmrther illustrates a point which, though unimportant 
in the present context, will re-appear from time to time in our regional 
survey and which assumes significance in the establishment of the 
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absolute chronology. It is the existence of ‘ supernumerary ’ cold 
phases which are represented by aggradation terraces but of which 
no equivalent glacial phase is known with certainty. These terraces 
do not occur everywhere, and their contained faunas do not indicate 
a thoroughly cold climate. They have been regarded, therefore, as 
evidence for minor cold phases which were not sufficiently intense 
to produce large ice-sheets. There is at least one such phase in the 
Last Interglacial, and one or more in the Penultimate Interglacial. 

These terraces are not the only suggestion of minor cold phases. 
In several interglacial deposits, sia-ata have been found intercalated 
which suggest that the climate was for a while cool or even subarctic. 
The best example is the Danish Middle Bed in Jutland, which divides 
the series of the Last Interglacial into two warm subphases and 
whose cold character is proved by its floral content. Other localities 
of this type are Ehringsdorf near Weimar (Last Interglacial) and 
Cannstatt near Stuttgart (Penultimate Interglacial). 

Eusiaiicflitciuaiions of the sea-level. In countries bordering the sea, 
the rhythm of erosion and aggradation of the rivers is of a different 
nature. Although the climatic factors have operated here also, they 
were far outweighed by the adjustments of the rivers to the oscil- 
lations of the sea-level. Let us therefore briefly consider first the 
movements of the sea-level in the course of the Pleistocene. 

Changes in the height of the sea-level have been referred to on 
many occasions in the preceding chapters. The isostatic changes 
connected with the rising of Fennoscandia during late Glacial and 
Postglacial times were described in some detail in Chapter III 
(p. 47), but outside the isostatically affected areas ^ evidence has 
accumulated for phases during which the sea-level was higher or 
lower than at present over large portions of the earth’s surface. 
These ancient sea-levels are held to be of the eustatic type.* Many 
of them are of Pleistocene age and contemporary with certain phases 
of the Palaeolithic. Although the study of the Pleistocene sea-levels 
is still in its initial stage, it promises to become important for the 
correlation of climatic phases and prehistoric industries over very 
great distances, and I am confident that the ‘ raised beaches ’ will 
eventually provide a link in dating Pleistocene and Palaeolithic in 
coastal regions all over the world (for summary, see Zeuner, 1952). 

Pleistocene high sea-levels. Systematic work on Pleistocene sea- 
levels was begun by Depdret (1906) and de Lamothe (1911) in the 
Mediterranean, the former working on the Italo-French Riviera, 
the latter in Algeria. The work was subsequently extended to the 
Atlantic coasts of Europe and to other continents, and the high 
measure of agreement obtained has led to the elaboration of the 

* I.e. in England, approximately south of 52° N. lat. 

* See plates XIV, figs. A, B ; XV, figs. A, B ; XVII, fig. A ; XXI, 
ugs. A, B. 
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theory of glacial euslasy or of glacial control of the sea-lcvcl (for 
instance, Daly, 193t) •whieh assumes that phases of high sea-lcvcl 
evidenced by -what are often loosely called raised beaches ' corre- 
spond to intcrglacials, and phases of low sca-lcvcl to glaciations. 

The determination of the exact mean sea-level of the time when 
an ancient shore-line was formed is of priraarj' importance though 
it has been sadly neglected by many authors. The figures given 
arc often no more than estimates. In spite of this difilculty, tlic 
sequences of high sea-level phases observed in different regions of 
the world are in good agreement with one another, as is shown 
in the following table (fig. 40). 
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no. 40. — ^Tl\c succession of shore-lines in various regions of the world, nnd 
Oic nomcnchalure of the hipli sea-lcvels. — ^Aflcr Zeuncr, JD42, Clioubert, IDIC, 
Tester, 1048. More detailed tables may be found in Zeuncr, 1032, 1053. 


It is most convenient to apply to these sea-levels the nomenclature 
of Depdret, and to define them by their average height above the 
present sea-level. If one docs so, the only modification required of 
Depdret’s well-known classification is the subdivision of the ISIonas- 
tirian into a Main phase and a Late phase. In addition, Dubois’s 
term, Flandrian, for the rise of the sea from the low level of the 
Last Glaciation to the comparatively high level of the present day, 
may be used. The question of the terms to be applied to these 
ancient sea-levels has been complicated in recent years by palaeon- 
tological and archaeological considerations. In order to avoid 
increasing confusion, I am inclined to continue following Depdret, and 
Dubois (193C), who also advocates the retention of Depdret’s system. 
It is important to remember, however, that palaeontologists use the 

• Strictl}’, this term might be tliougJit to imply tectonic uplift of the beach. 
Since areas of tectonic disturbance liavc to be eliminated in the process of reeon- 
BtrucUng aneient euslatic sea-levels, it is advisable to discontinue the indis- 
criminate use of • raised beach ’, nnd to replace it by ancient beach, ancient 
thore-line, or some otlicr non-committal term. 
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term Sicilian to include the Milazzian, and the term Tyrrhenian, the 
Monastirian. See Note (21), p. 410, for Epi-monastirian. 

High sea-levels and inter glacials. If one accepts the theory of 
glacial eustasy, that the low sea-levels were caused by the locking-up 
of water in the ice-sheets of the glacial phases, and the high sea-levels 
by the return of the water to the oceans, the question arises as to 
which phase of high sea-level corresponds to which interglacial. 

In northern France and the Channel Islands, the two Monastirian 
beaches are covered by Younger Loess ; they are, therefore, older 
than the Last Glaciation. Moreover, they are followed by the 
pre-Flandrian regression to a very low level, which was contem- 
porary with the Last Glaciation, as shown by Dubois in Flanders 
and by Blanc in Italy. This renders a Last Interglacial Age of the 
Monastirian sea-level highly probable. Its subdivision into Main 
and Late Monastirian has never been taken as evidence for two 
different interglacials, it is readily explained by the minor cool phase 
which occiurred during the Last Interglacial (Glacial Terrace IV of 
Thuringia, fig. 45 ; Danish Middle Bed, Zeuner, 1945, p. 127). 

Postponing the Tyrrhenian for the moment, we find that there 
is good and consistent evidence for the Milazzian sea-level being 
that of the Antepenultimate Interglacial. It is supplied, for instance, 
by the Machairodus-f&una. of the corresponding terrace of the Somme 
at Abbeville, and by Wooldridge’s observation that the Milazzian 
level of the London Basin is later than the Norwich Crag which, 
again on palaeontological evidence, is approximately contemporary 
with the Early Glaciation. 

If the Milazzian sea-level is to be correlated with the Ante- 
penultimate Interglacial, and the Monastirian with the Last Inter- 
glacial, the Tyrrhenian sea-level must be hat of the Penultimate 
or Great Interglacial. This correlation has stood the test of applica- 
tion in numerous instances. It is confirmed by Swanscombe. 

Low sea-levels and glaciations. Evidence for low sea-levels inter- 
calated between two phases of high sea-level and corresponding to 
glacial phases is natmrally scanty. Apart from the low level 
of the Last Glaciation (pre-Flandrian regression, probably attaining 
to almost — 100 metres), which is comparatively well known from 
beach deposits below present sea-level and from submarine platforms, 
low levels can be deduced from the presence of buried channels in 
the lower courses of many rivers. These will be discussed presently, 
but it may be noted that it has not been possible to deduce from 
them more than minimum values for the drop in sea-level. Boule, 
however, has suggested that one of the earlier low levels was as 
low as — 200 metres. One is inclined to correlate this extreme 
recession with one of the large glaciations, like the Penultimate 
or Antepenrdtimate Glaciation. (Note (21), p. 410.) 

Thalassostatic river terraces. Returning now to the terraces of 
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the rivers, it has been said before (p, 127) Uiat in the lower course 
near the sea the fluctuations of the sea-level prevail over the climatic 
rhj’thm. Hence, river terraces formed under the innuence of the 
changing sea-level may be called thalassoslatic icrraccs. Since the 
sea-level was high in the intcrglacials (and relatively high, it may 
be assumed, in the intcrstadials), we find that the mild phases are 
characterized by compensatorj' aggradation, the river building up 
its bed as the sea-level graduallj' rises. The gravel-sheets deposited 
in this manner, therefore, contain predominantly warm faunas ; 
and the surface of the aggradation runs into the mean high-tide 
level of the interglacial in question. This fact permits us to calcu- 
late the heights of interglacial sea-levels with fair accuracy. 

On the other hand, when, during a glacial phase, the sea-level 
was low, the gradient of the lower course of the river was much 
increased, and the resulting erosion cut a narrow valley, and some- 
times a gorge, graded to the low sea-level of that time. Since the 
climate was cold, soliduction was active and we indeed find the 
slopes of such channels lined with solifluction strata.* 

^^Ticn the sea rose again after the termination of the glacial 
phase, the channel at first became a funnel-shaped estuary but, 
time permitting, this was filled witli deposits of an interglacial 
character. These channels, some of whieh reaeh much below the 
present river-level, arc called buried, or sunk, channels. They are 
typical of the Thames, Somme, Tiber and many other rivers. 

In its course near the sea, therefore, a river aggrades during the 
mild phases and erodes during the cool phases. This thalassostatie 
rhythm is the converse of the climatic rhythm w'hich prevails in 
the upper course. The thalassostatie terrace system extends only 
slightly beyond the highest point reached by the tides ; it is here 
that it meets the climatic system of inland terraces. Since the 
transition from one system to the other depends on the intensity 
of the glacial phase, the amount of drop of the sea-level and several 
other factors, the stretch of the river’s course where climatic aggrada- 
tions dip into thalassostatie erosion channels, and where interglacial 
down-cutting is replaced by estuarine aggradation, varies from one 
glaciation to the next. It is natural, therefore, that in the zone 
of transition, stratigraphical conditions are so complex that they 
are extremely difficult to disentangle. In the Thames, this zone 
lies just upstream from London. 

Terraces of the Thames. Do^vnstream from London, the Thames 
shows the reactions of a river to the changes of the sea-level so clearly 
that it may be summarized as an example : ’ 

• Tlicse are sometimes represented as lining tlie entire cli.mnel. Tliey cannot 
have done so since, wiicrc tlic river was flowing, it would have swept them away 
or resorted them. 

’ For details and rcrcrcnccs, sec Zeuner, 1045, p. 114 If. 
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River stage 

Height of 
sea-level 

Sea-level 

phase 

Climatic 

phase 

Ambersham Terrace 

200 ft. (60 m.) 

Milazzian 

Apigl 

Downcutting 

Thames Valley glaciation 

Relatively low 


ApGl 

Followed by further erosion and 
aggradation in stages, until the 
aggradation of the High Terrace 
(Swans combe) 

107 ft. (32 m.) 

Tyrrhenian 

PIgl 

Cutting of Taplow Bench, 

followed by solifluction and loess 

Below O.D. 


PGl 
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Monastlrian 

' 

>LIgl 

Cutting of Upper Floodplain Bench 



Upper Floodplain aggradation 
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Late 
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Much below O.D. 


LGh 

Lower Floodplain Terrace 

Few feet above O.D. 


LGh/. 

Second Buried Channel 

Below O.D. 


LGI, 

Filling of Second Buried Channel 

High, but remain- 
ing below O.D. 


LGl,/, 

Third Buried Channel 

Below O.D. 


LGI, 

Tilbury Filling Stage 

Up to present 
sea-level 

Flandrian 

PoGl 


Fauna and fluctuations of climate. A few words remain, to be 
said about the use of palaeontology in Pleistocene stratigraphy, since 
the fauna will be referred to frequently in later chapters. 

The land faunas ^ consist chiefly of mammals and moUusca, the 
former being the more conspicuous and, climatically, more easily 
interpreted. 

Owing to the short dmation of the Pleistocene compared with 
other geological periods, there are no species which characterize 
exclusively one of the climatic phases. There are a few species 
and genera, however, which disappear at the end of the Lower 
Pleistocene, such as Elephas meridionalis, Dicerorhinus etruscus (a 
rhinoceros), Equus stenonis (group of horses allied to zebras), Trogon- 
iherium cuvieri (a large beaver). They are of great stratigraphical 
value. 

At the beginning of the Upper Pleistocene, many species which 
had hitherto been rare, become very frequent, and they are useful in 

* See Zeuner, 1045, Chapter X. 
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stmtigniphical work, lliough not ns individual finds, but as members 
of fossil assemblages. There arc, for instance, the mammoth (Elcphas 
primigenius), the woolly rhinoceros (Tichorhirnis antiquilatis), the 
reindeer {Itangifer iarandus), the cave bear {Urstis spclaeus), the arctic 
fox {Alopex lagopuf), See. Their frequent occurrence in a deposit 
usually indicates one of the three phases of the Last Glaciation. 

Land faunas further provide valuable environmental es’idcncc, 
at any rate in the Upper Pleistocene. A beaver, for instance, which 
is dependent on wood for the building of its burrows and dams, 
suggests forests. Forests arc further suggested bj* faunas comprising 
the straight-tusked elephant (Elcphas antiquus), red deer, elk, brown 
bear (Ursits arclos), lynx. Arctic fox and variable hare, if frequent, 
and associated with reindeer and other subarctic forms, indicate 
tundra or taiga. Horses, asses, antelopes {Saiga antelope), jerboas, 
&c., may safely be taken as evidence of steppe conditions ; these 
species are typical of the loess. 

The study of the fauna, therefore, helps a great deal in the 
reconstruction of the environment of early man ; but unless done 
with care, it lends itself to incorrect conclusions. The presence 
of odd specimens of a species should never be taken too seriously, 
as they may be derived from older deposits, or if contemporarj’ 
with the fauna studied, they may be stragglers from another biotope. 
Instead, the fauna should be analysed and assessed ns a whole. It 
may also not be superfluous to warn against uncritical acceptance 
of the faunal lists of some authors. Jinny a time a limb bone of 
an elephant has been listed as ‘ mammoth ’, and ribs or vertebrae 
of a rliinoceros as ‘ woolly rhinoceros ’, merely because it did not 
occur to the author that it could be another species. Since both 
species mentioned are characteristic of pcriglacial environments, the 
implications of such misidentifications — which often can no longer be 
checked — are obvious. 

Sumviary. The stratigraphical evidence outlined in the pre- 
ceding paragraphs may now be summarized in the form of a com- 
prehensive table (fig. 47). The climatie divisions established are 
no more than the result of a gradual refinement of the special methods 
which have to be applied in the stratigraphy of the Pleistocene. 
The earliest conception of the Pleistocene was that of one great 
Ice Age. Then interglacial deposits were discovered, and two 
glaciations were generally assumed. The next step was the dis- 
covery that there was more than one interglacial. Among the 
several ensuing stratigraphical systems, Penck and Briickner’s was 
the most noteworthy, since it retained the original ‘ only ’ inter- 
glacial in the form of the Great Interglacial and subdivided the two 
original glaciations into tvvo each. Now, the detailed relativ'e chrono- 
logy of the Pleistocene, wliich embodies the stratigraphical work 
of the 80 odd years that have elapsed since Penck and Briickner 
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published their scheme, shows that each of Penck’s glaciations can 
be subdiWded still further. The long duration of the Great Inter- 
glacial has been confirmed, and several minor cool phases appear 
to have interrupted the intcrglacials. 

In order to appreciate the strength of the argument for the 
astronomical thcorj' of the fluctuations of Pleistocene climate, and 
for the absolute chronology’, it is necessary to remember that the 
curiously irregular rhythm of the cold phases, namely : two, short 
interglacial, two, long interglacial, two, short interglacial, three, has 
not been read into the evidence, but is the outcome of slratigraphical 
research in particularly favourable parts of temperate Europe. 

n. TIIE ASTRONOMICAL THEORY 

Tlic problem of the duration of the lee Age, counted in ycarst 
has fascinated workers since the early days of Pleistocene geology- 
Two ways were open to attack it, and both have been used many 
times, namely (a) the estimation of the duration based on the rate 
of sedimentation, and (b) the development of an astronomical time- 
scale from the periodical perturbations of the earth’s orbit. The 
second method is the more ambitious since it promises more accurate 
figures both for the whole Pleistocene and for its subdivisions. The 
greater part of the present section will be devoted to it, but since 
methods (a) and (6) arc independent of each other, they provide 
an important mutual check. For this reason, some results of the first 
method are summarized in the following paragraphs. 

Bate of sedmentaiion used io estimaie duration of Pleistocene. Tlic 
most notable application of the rate of sedimentation is by Penck 
and Brilckncr, They relied on estimates for the length of the time 
elapsed since the ice withdrew from certain lakes on the northern 
edge of the Alps in Switzerland. Heim found 10,000 years for a 
delta built into Lake Lucerne, Stock 20,000 years for the delta 
between Lakes Thun and Brienz at Interlaken, and the same author 
for the Aarc delta in Lake Brienz 14,000 to 15,000 years. From 
these figures Penck and Bruckner deduced the age of the Jlagdalcnian 
station of the Schweizersbild near Schaffhausen (see p. 154) as 
24,000 years. This site was occupied during Wiirm 8, as is known 
from geological evidence. 

Having obtained this estimate, Penck proceeded to compare the 
depth of erosion since Wiirm 3 with the amounts of down-cutting 
which occurred during his three intcrglacials. In a corresponding 
manner, the depth of weathering was used also. Thus he found that 
the Last and the ‘ First ’ Interglacial lasted for about 00,000 years 
each, and that the Great Interglacial was about four times ns long, 
namely 240,000 years. These estimates were expressed in the form 
of a curve, in which the total duration of the Pleistocene is given 
as 000,000 years. Considering the very slender basis on which 
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this estimate relies, its results are astonishingly good, as will be seen 
from a comparison with the astronomical figures to be given later. 

The depth to whieh weathering processes have penetrated Avas 
further used in North America in order to estimate the duration of 
the Ice Age. The originator of this work was Kay (1931), and he 
was followed by Thornbury and Sayles. Whilst Kay used leaching 
of calcium carbonate, Thornbury relied on the depth of loam-forma- 
tion. Their results are discussed in some detail on p. 350. Here 
it suffices to say that Kay’s relative values for the duration of 
the Postglacial and the three intei^lacials are about 1 : 5 : 12 : 8. 
The Penultimate Interglacial again stands out as the longest. The 
absolute values are based on an arbitrary figure for the Postglacial, 
from which they were obtained by extrapolation. 

A particularly interesting estimate for the Pleistocene of an 
unglaciated area was made by Rutten in Java. He used the rate of 
sedimentation and obtained one million years. 

Finally, it may be mentioned that estimates based on the dis- 
integration of radioactive minerals (see Chapter X) assign one or two 
million years to the Pleistocene. Unfortunately, they come from 
volcanic rock of very uncertain, Pliocene or Pleistocene Age. Never- 
theless, taking into account this uncertainty, the figures calculated on 
this basis (one or two million years) are of the same order as those 
derived from the rate of sedimentation. 

The astronomical method. The astronomical chronology of the 
Pleistocene is not based on geological considerations, but on a theory 
which explains the fluctuations of the climate. This theory makes 
the periodical perturbations, which the orbit of the earth suffers 
owing to the mutual attraction of the planets, responsible for changes 
in the amount of radiation received by the earth from the sim. 
Among these perturbations, there are three of especial interest in 
this connexion, (1) the obliquity of the ecliptic, (2) the eccentricity 
of the orbit, and (3) the precession of the equinoxes. Very little 
space can here be allowed for an explanation of these phenomena. 

Perturbations. The obliquity of the ecliptic is the angle between 
the equatorial plane of the earth and the plane of the orbit. It is 
at present 23° 27', and it is knoAvn to have varied betAveen 21° 39' 
and 24° 36'. The obliquity produces the seasons, and it is one of 
the factors modifying the climatic zones. A decrease of the obliquity 
diminishes the seasonal differences but increases the distinction of 
the climatic zones, whilst an increase of obliquity intensifies the 
seasonal differences and reduces the differences betAveen the climatic 
zones. The obliquity fluctuates Avith a period of approximately 
40,000 years. 

The eccentricity of the orbit is our second variable. Since the 
sun does not occupy the centre, but one of the focuses of the ellipse 
of the orbit, there is a time of the year when the earth is nearer 
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to Uie sun than during the remainder of the year. The point of the 
orbit which is nearest to the sun is called the perihelion ; at present, 
the earth passes Uirough it in the winter of the northern hemisphere. 
It is obvious that more radiation is received by the hemisphere 
which passes the perihelion in summer (i.c. at present tlie southern 
hemisphere), but this effect is counteracted by the shortening of the 
portion of the orbit which contains tlic perihelion. This is easy 
to see if one draws an ellipse, witli the sun in one focus, the axis 
major joining the point nearest to the sun (perihelion) with the 
point fartlicst away from the sun (aphelion). The spring and autumn 
equinoxes are then given where the line laid through the sun at 
right angles to the axis major meets the ellipse representing the 
orbit. The line connecting the equinoxes divides the ellipse into 
two imcqual portions, that containing the perihelion being the 
shorter. The winter of the northern hemisphere is at present 

days shorter than tlie summer. 

The smaller the eccentricity, therefore, the smaller will be the 
differences in the lengths of the seasons. The eccentricity fluctuates 
with periods of 92,000 years. 

The third perturbation of importance is a slight conical move- 
ment of the earth’s axis. It results in a slow shifting of the cardinal 
povils (spring equinox, summer solstice, autumn equinox, winter 
solstice), which delimit the seasons. Because of this movement it 
is called the precession of ihe equinoxes. It has received much 
attention in the past. 

Its period, as seen from tlie earth, is about 20,000 years. But 
owing to the attraction by other planets, the elliptic orbit as a whole 
swings round in the sense opposite to the direction of the precession. 
Thus, if one takes for instance the perihelion as zero point on the orbit, 
a complete circuit of any one cardinal point requires less time, namely 
21,000 years. IVithin the latter period the radiation received from 
the sun fluctuates in a certain manner. The most convenient way 
of defining the position of the cardinal points is by means of the 
angle at the sun, between the spring equinox and the perihelion. 
This angle is called the heliocentric length of the perihelion. 

Though these explanations arc too short to convey much to a 
reader not familiar with astronomy, they do, I hope, make it clear 
that the course of the earth around the sun is subject to slight 
periodical fluctuations, and that these fluctuations have an effect 
on the amount of radiation received by any particular part of the 
earth’s surface. It should be realized that these fluctuations arc 
merely fluctuations in the distribution of solar radiation over the 
latitudinal zones of the earth and in the course of the seasons. The 
energy output of the sun is assumed to be stable tlwoughout 
the period of time over wliich our investigation extends. 

The astronomical theory of the fluctuations of the Pleistocene climate. 
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The perturbations must have existed for enormous periods of time. 
They were not confined to the Pleistocene, and it is futile, therefore, 
to expect that the astronomical theory can provide the cause of the 
Pleistocene Ice Age. It can, and does, explain the fluctuations of 
the Pleistocene climate, but it cannot answer the question why 
glaciation phenomena abound in the Pleistocene, whilst none are 
known from the Tertiary. 

In this respect, most of the earlier workers on the astronomical 
theory were mistaken. They all set out to discover the cause of the 
Ice Age, and they were made confident in their quest when they 
noticed that the perturbations promised even to solve the riddle of 
the alternation of glacials and interglacials. But they failed in 
their main aim for the reason given, and also failed to account for 
the fluctuations of the climate during the Pleistocene, because of 
an inadequate combination of the obliquity, the eccentricity and 
the precession. 

Theories of Croll and Ball. This applies also to the theory put 
forward by Croll (1875), which constituted a great advance on the 
earlier theories and, therefore, became very popular for a time. 
It was abandoned eventually because it demanded a strict alter- 
nation of glaciations on the northern and southern hemispheres 
and an increase of glaciation in periods of cold winters. It suffered 
from overstressing the changes in eccentricity and precession, the 
fluctuations of the obliquity being treated independently. Ball 
(1892) succeeded in combining all three elements, but he considered 
their total effects on the two hemispheres only, which are very small. 

It is not surprising that these and other attempts to construct 
an astronomical theory were considered as unsatisfactory. Apart 
from a few isolated revivals, the matter rested more or less for 
about twenty years. The chief difficulty, not realized, of the earlier 
workers was that they relied on qualitative arguments. The solution 
could not be found until the quantitative effects of the perturbations 
had been computed mathematically in a form suitable for climatic 
interpretation. 

Calculation of the radiation changes. Fortunately, the mathe- 
matical aspects of the problem were attacked afresh while the fight 
over the theory was abating, and results were produced which made 
the theory appear in a new and clearer light. 

The mathematical work involved in the calculation of the numeri- 
cal effects of the perturbations is enormous. It is further com- 
plicated by the necessity of producing separate sets of figures both 
for zones of geographical latitude and for the seasons. 

It would lead too far afield to go into the history of this work 
here (see Zeuner, 1945, Chapter V). It was begun by Lagrange 
in 1782, greatly advanced by Leverrier (chief publication in 1843), 
taken up again by Stockwell who, after 10 years of labour, published 
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new calculations of the perturbations in 1873. The results were 
for the first lime tabulated over a long interval of time and with 
a view to climatic interpretation by Pilgrim in 1901. Later, tl>e 
numerical material was once more computed, after numerous improve- 
ments in method and interpretation, by 31. Milankovitch (since 
1913 ; main publications 1920, 1930, 1938). This author originally 
relied on Stoekwell’s formulae. In the course of about twenty years 
he supplied tables for cverj’ tenth degree of latitude of both hemi- 
spheres, and for the summer and winter halves of the year separately, 
covering the last million years.* The figures contained in these 
tables no longer give separately the effects of the tluee perturbations, 
but their combined effects in terms of heat radiation received at the 
upper limit of the atmosphere. Thus, an undisputablc factual basis 
was at last secured for the rc-intcrprctation of the influence of the 
perturbations on the terrestrial climate. 

Jlorc recently, Jlilankovitch, in conjunction with Jlichkovitch, 
calculated a new set of tables, this time based on Lcvcrricr’s formulae. 
The reason for doing so was twofold ; the new calculation provided 
a check on the first, the two being based on different mathematical 
premises, and it also promised more accurate figures, since Lc%'crricr’s 
basic values are nearer those obtained by recent measurements than 
are Stockwcll’s. Van Woerkom (1953) calculated a third set. The 
three sets of figures agree so closely that, for general purposes, their 
differences can be regarded as negligible. 

Another set of calculations is due to R. Spitaler (1910, 1913). In 
his earlier work he had omitted the variation of the obliquity of the 
ecliptic. Because of this and other faults, he produced a fresh set, 
in which the position of the maxima and minima (though not their 
amplitudes) is almost the same as in Milankovitch’s set. The latter 
author, moreover, has shown (1911, pp. 497-501) that Spitalcr’s new 
set is based on a mistaken definition of the daily radiation received, 
whilst his own calculations arc corroborated by those of Wiener, 
Lambert, Mccch, Hargreaves, Angot and other astro-mathematicians. 

Necessity to consider latitudinal and seasonal differences. From 
what has been said it should be clear that, in interpreting fluc- 
tuations of solar radiation climatologically, it is necessary to consider 
both the climatic zonation and the seasons." The latitudinal dif- 
ferences in radiation have been neglected in the past by many 

* Between 000,000 and one million years, tlie iwssible error inerc.ascs mpidlj’ 
to about 10 per cent. For tbis reason, tables and cur\'es arc iLsunlly given for 
000,000 years only. 

® • Summer ’ is licnccforth taken to comprise spring + summer ; ‘ winter ’, 
autumn -f winter, the year being divided into two Iialvcs xcilh equal number of 
days. Thus a summer lialf and a w-intcr Jialf of the year arc obtained which 
arc of equal length, and therefore comparable with each other. Also these 
caloric half-years are constant in the course of time, so that they can Ijc compared 
over any inteiral of tJic timc-sc.a)c. The credit for tlie introduction of Uiis 
device is due to M. Milanl ovitch. 
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workers, and even in recent years by some who used Milankovitch’s 
numerical results. 

The consideration of the winter half of the year has been neglected 
even more. It has become almost a custom to regard the curve 
of summer radiation as the radiation ciurve, and consequently to 
forget the influence of the radiation received during the second 
half of the year. Workers who take the whole year into account 
are stiU few (notably Beck and Wundt). 

The reason for this omission is easily understood. For simple 
graphical representation, the winter curve, which is almost the 
obverse of the summer curve, can be neglected. This simplification 
implies that one knows that when the summer curve shows a maxi- 
mum of radiation, the winter cimve (not drawn) has a corresponding 
minimum, and vice versa. Moreover, it is the summer radiation 
on which the melting of glaciers largely depends. The first climato- 
logists to apply radiation curves to the Pleistocene (Koppen and 
Wegener, 1924), therefore, had reason to select the summer curve 
for their pmrposes. 

Glacial phases correlated with phases of low summer radiation. 
This use of the summer curves as s-pars pro toto is legitimate provided 
it is clearly kept in mind that a maximum of radiation on such a 
curve implies a minimum in winter, in other words, the maxima 
of the summer curve indicate phases of increased seasonal differences 
in radiation, and the minima decreased seasonal differences. 

As we are concerned chiefly with the chronological aspects of 
the fluctuations of solar radiation, and not with the climatological 
side, it must suffice to say that, in temperate Europe, the phases 
of low siunmer and high winter radiation favour the formation of 
ice-sheets in the high mountains, i.e. in Scandinavia and the Alps. 
The mild winters mean increased snowfall in such areas, and the 
cool summers reduce melting. Thus it may be supposed that glacial 
phases are correlated with phases of low summer radiation, and that 
the cmwe of summer radiation of a suitable degree of latitude (for 
instance 65° N. for the ‘ centre ’ of the Scandinavian ice-sheet) gives 
a picture of the oscillations of this ice-sheet (fig. 48). The climato- 
logical backgroimd of the astronomical theory is discussed by Zeuner 
(1945, p. 150 ff.), Meinardus (1944) and Wimdt (1944). 

Units used in expressing changes of radiation. In studying tables 
and curves, the reader will find a variety of units employed in 
denoting the intensity of radiation. 

The first cmves published (Koppen and Wegener, 1924) expressed 
the fluctuations in an imaginary displacement north or south, of 
the degree of latitude considered. This method of presentation is 
apt to be misleading to the non-climatologist, because the imaginary 
shift in winter is opposite to that in summer, and because in the 
remainder of Koppen and Wegener’s book supposedly real changes 



09J 



C.U.1 R.M590 RUSSO RtlW R.M.'fSS 

EGII EG12 ApGIf ApGI2 

EAHLY GLACIATION ANTEPENULIKIATE CUC1AT10N 

no. -13. — ^TIic detailed curve of solar radiation in summer, for 05* N. Int. Based on tables in .AJIInnkovitch (1030). 

Scale In canonic units. — From Zeuner, 1013. 
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of geographical latitude, due to a shift of the poles, are discussed. 
An instance of this type of curve is given in fig. 49. 

Since the tables are expressed in units which have a direct 
relation to the average amount of radiation received by the earth 
from the sun (i.e. to the solar constant), expressed in calories, it 
appears better to use these in the graphs also (fig. 48). They are 
called canonic units and are obtained by substituting 1 for the 
value of the solar constant and 100,000 for the sidereal year. 

Other graphs show the theoretical change in temperature which 
may be deduced from the change expressed in canonic units. There 
is, however, a wide divergence of opinion on this matter. While 
Milankovitch accepts a value as high as 1° C. per 150 canonic units, 
Simpson (1940) prefers values which are only about one fourth 
as great. Whether the influence of the fluctuations of solar radiation 



on temperature actually is great or small, is probably impossible 
to calculate. It is, from our point of view, better to use the empirical 
method of comparing the radiation curve with the climatic suc- 
cession as revealed by geology. If there is sufficient agreement 
found, we may rightly assume that this influence must have been 
significant. 


A fourth scale which has been applied in the graphs is that 
expressing the vertical displacement (in metres) of the snowline in 
the mountains. Milankovitch (1938) found that, theoretically, one 
canonic imit should correspond to a displacement of the snowline 
of 1-09 metres. In nature, great deviations from this value must 
be expected. 


Summary. Thus, the modern version of the astronomical theory 
of the Ice Age does not claim to provide a cause for the Ice Age 
as such, but it does answer the question why there were glacial 
6 
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phases separated by mild, inlerstadial or interglacial, phases. The 
former arc rcgardctl as caused by periods of low summer radiation 
and liigh winter radiation, the latter by periods either of moderate 
conditions (as to-day) or by high summer and low winter radiation, 
which give the climate a continental character but do not favour 
the formation of icc-shccts. 

In applying the theory to observed geological sequences, diagrams 
of summer radiation only arc the most suitable means, but it must 
be borne in mind that the geographical latitude has to be taken into 
consideration. 

Other complications, such as the innuence of topography, the 
secondary climatic effects of an ice-sheet, and the retardation of 
the maximum of the glacial phase relative to the minimum of 
summer radiation which caused it, need not be discussed here. For 
chronological purposes it is sufficient to compare the radiation 
curves u*ith the geological record, and to decide whether or not 
agreement is close enough to imply a causal connexion. If it is, 
then the curs’cs prosnde a time-scale in years which can be used in 
the dating of geological events ns well as in the prehistorj' of man, 
wth the proviso that certain corrections will have to be applied in 
the future when we are able to assess more eorrcctly the effect of 
retardation. Quite recently an attempt has been made to apply the 
Milankovitch curves to the dating of deep sea cores (Emiliani, 1955). 


C. Tnr. AOREEIIENT OF THE GEOLOGICAL RECORD WITH THE 
FLUCTUATION’S OF SOL.VR ILVDIATION 

If one selects the radiation curve for C5° N., 55° or 45° N. lat. 
(they resemble each other closely), and compares the sequence of 
minima of summer radiation with the sequence of glacial phases 
in Europe as established by geological methods, one is struck by 
their similarity. Going backAvards into the past, the radiation curve 
for the last 000,000 years (fig. 48) shows a series of three summer 
minima betw’cen 25,000 and 115,000 years B.P., then an intcnml 
of some 60,000 years of more or less normal conditions, before this 
a couple of minima at 187,000 and 230,000 B.P., ^ preceded by a 
long interval devoid of intense minima and lasting about 190,000 
years. Prior to this, Ave find another couple of minima at 485,000 
and 470,000 B.P., preceded by an interval of some 00,000 years, 
and this by a couple of minima (more pronounced in the curve 
based on Stockwell) at 550,000 and 590,000 B.P. 

In other AAords, the succession of minima of summer radiation 
exhibits precisely the same peculiar rhythm as does the sequence 

> ‘ B.P.’ short for ‘ before Present meaning years as given in llie radiation 
tables, counting baekAN’ards from a.d. 1800. 
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of glacial phases (p. 134), namely, beginning with the earliest : two, 
short interval, two, long interval, two, short interval, three. It 
seems very difficult to dispose of this coineidence by calling it 
accidental. 

Detailed comparison of radiation and climatic phases. On the 
other hand, one would not expect the glaciations to reproduce 
every minor detail of the fluctuations of radiation. Yet, some 
agreement is evident even in the lesser features. 

One of the characteristics of the relative chronology is the 
evasiveness of the Early Glaciation. Geological evidence suggests 
that it was a smaller glaciation than the later ones. The summer 
minima of the radiation curve which can be matched with Giinz of 
the Alps are, indeed, considerably weaker than those of the later 
glaciations. 

Furthermore, the extension of the radiation curve to one million 
years B.P. (fig. 49) provides some minima which might correspond 
to the three Donau Phases found b 3 f Eberl and Venzo to precede 
Giinz in the Alps. This author correlated them with three minima 
between 680,000 and 760,000 B.P. Although this correlation is 
somewhat arbitrary, since there are earlier summer minima which 
were more intense, it shows at least that fluctuations of solar radiation 
did occiu' before 600,000 B.P. which could well account for the cold 
phases found to precede the Early Glaciation. 

The division of the Last Interglacial by a cool oscillation accom- 
panied by the drop in sea-level which separates the Main and Late 
Monastirian shore-lines, finds its counterpart in the division of the 
interval between the minima of 115,000 and 187,000 by a weak 
phase of low summer radiation around 145,000 B.P. This agreement 
is extremely suggestive. 

Similar cool oscillations are claimed to have interfered with 
the course of the Great Interglacial. The radiation curves here 
afford no fewer than five weak, but fairly pronounced, minima. 
Geological evidence has so far made probable that there were at 
least two cool phases. It will need a great deal of good luck to 
find evidence for a succession of five weak phases of deterioration 
of climate during the Great Interglacial, since it is unlikely that 
unambiguous sections containing such evidence are preserved in any 
one area. (Note (22), p. 411.) 

Agreement of radiation curve with Penck's curve and estimate. 
Apart from this high measure of agreement between the geological 
record ^ and the radiation curve, a strong argument for the applica- 
bility of the astronomical time-scale can be derived from Penck’s 
estimate for the Pleistocene (p. 134). Penck could not know 
the duration of the glaciations, but his estimates for the mild 

» Much of the detailed chronologj’ had been established before the first radiation 
cur\’c was published. 
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phases, and the deduced total duration of the Pleistocene, arc 
excellent indeed : 


Time since LGI, 
Duration of LIgl 
Duration of PIpI 
Duration of Apigl 
Duration of Pleistocene 


Pfnctc** cstimstc 

lC-24,000 
CO, 000 
210,000 
00,000 
000,000 


nadiallon cen't 
22,000 
00,000 
100,000 
00,000 
000,000 


Considering that Penck extrapolated from the 20,000 years of 
the * Postglacial ’ of Switzerland, one cannot but conclude that 
measurement of time by processes of sedimentation and weathering 
might afford rather greater opportunities than is generally believed. 



FIG. 50. — Diagram sliowing the relation of altitude to time for the high sea- 
levels of the Pleistocene. The horizontals representing the Main Mnnastirinn, 
Tyrrhenian and Milazzian levels have the length of the corresponding inter- 
glacials on the time-scale. — From Zeuner (1045). 


This agreement of Penck’s estimate tvith the radiation dates 
strengthens greatly our case for an absolute chronology of the 
Pleistocene. If such similar results are obtained for the durations 
of the mild periods by such different methods, and if the geological 
record reveals the same number of cold phases as the radiation curve 
comprises major summer minima, the astronomical time-scale can 
confidently be applied in dating the glacial phases. The retardation 
of the glacial phases relative to the minima of summer radiation 
which initiated them, is unlikely to have been great. 

One is justified, therefore, in using tentative ‘ radiation dates ’ 
for the glacial phases, bearing in mind that cerUiin displacements in 
time are neglected. But the error due to this factor is not likely to 
have exceeded 20 per cent, for LGlj ; it becomes smaller for the 
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earlier phases, being less than 5 per cent, for the Penultimate and 
earlier glaciations.^ 

Sea-levels and radiation curve. A very interesting result is 
obtained if the heights of the interglacial sea-levels are plotted on 
the astronomical time-scale (fig. 50). One then finds that they 
ean be connected by a straight line (see Zeuner, 1945, p. 249). It 
seems probable that this straight line represents a more or less 
continuous drop of sea-level in the course of the Pleistocene, on 
which the oscillations due to glacial eustasy were superimposed. 

Summary. Table of dates. Combining the geological evidence 
with the astronomical time-scale by means of the radiation curves, a 
tentative absolute chronology is obtained which can be regarded as 
sufficiently reliable for the piuposes both of palaeoclimatology and 
prehistoric archaeology. In the accompanying table (fig. 51), 


Phase 

i 

Radiation date» 
in years B.P. 

Duration, 
in years 

Time since Last Glaciation, phase 3 


22,000 

Last Glaciation, phase 3, climax 

22,100 (55° N.) 
25,000 (65° N.) 


Last Glaciation, phase 2, climax 

72,000 


Last Glaciation, phase 1, climax 

115,000 


Last Interglacial, duration 

60,000 

Late Monastirian high sea-level 

125,000 


Cool oscillation of iSst Interglacial 

145,000 


Main Monastirian sea-level 

150,000 


Penultimate Glaciation, phase 2 

187,000 


Penultimate Glaciation, phase 1 

230,000 


Penultimate Interglacial, duration 

190,000 

TjTrhenian high sea-level 

270,000 

Antepenultimate Glaciation, phase 2 

435,000 


Antepenultimate Glaciation, phase 1 

476,000 


Antepenultimate Interglacial, duration 

60,000 

Milazzian high sea-level 

500,000 

Early Glaciation, phase 2 

550,000 


Early Glaciation, phase 1 

590,000 


Sicilian 

c. 660,000 



riG. 51. — ^The absolute chronology of the climatic phases of the Pleistocene. 
Compare with fig. 47. 


geological events which can be dated are compiled, and their approxi- 
mate dates and the duration of certain periods given. Though many 
adjustments will be made necessary by futtme research, the story 
revealed by the ‘ calendar ’ of the Pleistocene is extremely consistent.'^ 

' These figures are based on estimates for the amount of retardation. See 
Zeuner (1045, p. IGO). 

’ Some arguments which have been put fonvard against the astronomical 
theory are discussed in Note (23) (p. 412). For recently reported cases of agree- 
ment, see Note (22) (p. 41l). 
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Cn AFTER VI 

PALAEOLITHIC CHRONOLOGY OF TEMPEILVTE 
EUROPE 

A. INTnODUCTOnV nEMAUKS — SUGGESTION'S 

With the detailed chronology developed in the preceding chapter 
at our disposal, we are in a position to elaborate a detailed archneo- 
logieal chronolog}', to which the tentative absolute time-scale, Uikcn 
from the radiation curre, may be applied. The suggestions obtained 
in this manner may be meagre, since only sucli prehistoric sites can 
be fitted into the detailed climatic clironology ns can be closely 
dated on geological and/or palaeontological grounds. 

Our method of developing a detailed clironologj' of the Palaeo- 
lithic, therefore, differs csscntiallj' from the practice of Palaeolithic 
chronolog}' which has been in vogue in recent years, namely that of 
using the implements as zone-fossils. This practice may work well 
in many cases, but the successes arc apt to obsciu’c the fact that 
the cart is being put before the horse, the precise geological age of 
the industries being assumed as known (often on very flimsy or 
even incorrectly interpreted evidence), and this assumption being 
used to determine the age of the deposit containing the industry. 

If we are to obtain a clear idea of the sequence, overlap, alterna- 
tion and duration of the industries of the Palaeolithic, it is absolutely 
necessary to keep apart the geological (and palaeontological) evidence 
for the climatic clironologj' from the typological classification of the 
industries of earlj' man. In order to do so, the c^'idencc for the 
climatic, and incidentally the absolute, clironology of the Pleistocene 
has been published separately (Zeuner, 1945), and summarized in 
our Chapter V, Part A, so that we can now proceed to search for 
Palaeolithic sites which can be dated on non-tj'pological evidence. 
These will in turn be used in developing the chronology of the 
Palaeolithic. 

Unfortunatelj', sites of this kind arc few. JIany of the classic 
localities, such, for instance, as the caves of the Dordogne, were 
excavated before the daj’s of modem Pleistocene stratigraphj', and 
the published sections are insufficient for our purpose. 

In other instances, the very thorough work of the excavators 
has, for the time being, not provided the kind of climatic evidence 
necessary for placing the site in the detailed chronolog}'. JIany 
famous sites have had to be discarded for this reason. This is the 
more deplorable as often a re-inspection of the section and a small 
amount of analytical work on certain strata would have settled the 
matter. I am alluding to many sections in which buried soils, 
solifluction layers and loesses arc suggested in vague terms, and 



147 


PALAEOLITHIC OF TEMPERATE EUROPE 

which, if only the climatic character of the deposits had been studied 
by an expert, could definitely be fitted into the detailed chronology. 
I may conclude these somewhat destructive remarks by saying that 
they are based on the scrutiny of a very large amount of published 
and unpublished material, including the well-known Palaeolithic 
sites from all parts of the world, and temperate Europe in par- 
ticular. It is impossible in a book like the present one to discuss 
the reasons why certain sites have not been regarded as chrono- 
logically important. But a few sites have been mentioned which, 
though at the moment indecisive, promise in the future to fill certain 
gaps in the chronology of the industries. 

Furthermore, I would suggest that the environmental and palaeo- 
climatic aspects of archaeological stratigraphy should be granted 
greater prominence during the excavation. Much has been done 
in this respect in recent years, but more remains to be done, especially 
under the supervision of workers trained in this particular line of 
work. 

The reader, therefore, will miss many famous sites in this and 
the following two chapters, but those treated, though often less 
spectacular from the typological point of view, do provide us with 
the required chronology. In Europe, at any rate, all the major 
industries can be placed in the climatic chronology, while the age 
of some variants of these industries is still uncertain. The most 
deplorable instance of the latter kind is the High Lodge industry 
of East Anglia, often called Clactonian III, which can be either 
Penultimate Interglacial or Last Interglacial. 

The material is arranged regionally, central Europe (with a few 
remarks on east Europe and Siberia) being taken first (Part B), 
then the important region of northern France, with the Channel 
Islands, and a few remarks on Portugal (C), and lastly the British 
Isles (D). The ensuing relative and absolute chronology of the 
Palaeolithic of temperate Europe is finally discussed and tabulated 
in the Summary (E). 

B. PALAEOLITHIC OF CENTRAL EUROPE, EAST EUROPE AND SIBERIA 

Palaeolithic in ike area of the Seandinavian glaciations. Palaeo- 
lithic sites are comparatively rare in the morainic areas of north, 
central and east Europe. Repeated transgressions of the ice destroyed 
or covered the traces which early man may have left during the 
interglacial and interstadial phases, and most localities belong to 
cultures contemporary with the various stages of the Last Glaciation- 
In the peripheral zone, however, conditions were more favourable, 
and a good many Palaeolithic sites are kno\vn from river gravels, 
glacifluvial gravels and loess covering moraines. It is often difficult 
to decide whether such sites should be regarded as belonging to 
the morainic zone or to the periglacial zone. Some overlapping 
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is unavoidable ; the selection of sites mentioned is somewhat arbi- 
trarj’, but the following paragraphs and those on the Palaeolithic 
of the pcriglacial zone (p. 150 ff.) supplement one another. 

The stmtigraphieal position of Palaeolithic sites of north Germany 
has been reviewed by Woldstedt (1935a), and a book on the subject, 
bj' J. Andrde (1939), describes the known sites and their industries. 
Unfortunately, Andrde considers the German Palaeolithic as highly 
individualized and ns the product of continuous local evolution. 
It is often dilTicult, therefore, to compare the German industries 
with those of west Europe from the tj-pological point of view.' 
Generally speaking, however, botli Andrdc’s and Woldstedt’s chrono- 
logical results are consistent with those obtained in other areas 
(compare table, fig. C5). 

No Abbevillian (= Chellian) or Acheulian has been found in 
the formerly glaciated areas of central and cast Europe, most cer- 
tainly not in a stratigraphically definite position. 

Obcncerschen {cf. Clactonian or Lcvalloisian). TJic earliest known 
datable site is Oberwerschen, in the Wcissenfcls district, central 
Germany. It was studied b}' Bicker and Ropke. Andrde (1989) 
describes the section as follows : 

0-75 m. Loess 
0-0 m. Bouldcr-clay 
2-0 m. Sand 

5-0 m. Gravel of local or southern origin, but Scandinavian erratics 
present. With implements. 

2-0 m. Sand, probably derived Tertiary. 

The site lies far outside the areas of the glacial phases Wcichscl 
and Warthe, and the implementifcrous gravels are covered by a 
bottom moraine. The gravels arc fluvintile, yet they contain some 
pebbles of Scandinavian origin which can be derived only from 
deposits of an earlier glaciation. This was, therefore, Elstcr, and 
the glaciation following the gravels, Saalc. The gravels thus appear 
to date from the Elster-Saale interglacial. 

Typologically, Oberwerschen is described ns an industry with 
‘ hand-points ’ ; it is a poorly'-dcfincd flake industry reminiscent in 
some respects of Clactonian, and of Lcvalloisian in others. 

Wangen. At Wangen on the Unstrut, in Thuringia, implements 
were found in the ‘ Wangen terrace the first terrace formed after 
the Elster Glaciation, which reached the district (Lehmann, 1922). 
They comprise a primitive ‘ bouchcr ‘ hand-points ’, and long and 
round scrapers. Authors have usually avoided classifying them by 

• It is, of course, well knoAvn llmt, the fartlicr east one goes, the more dilTlcult 
the typological comparison becomes. But this docs not render n comparison 
unneecssaiy. Bust (10 12) 1ms published an important and highly critical review 
of Andnie’s book. 
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the French terminology, and the practice of calling the Wangen 
industry ‘ Chellian ’ is due to the assumption prevailing in Germany 
that the ‘ Chellian ’ is the industry of the Penultimate, or Great, 
Interglacial.^ Woldstedt (19350) -writes regarding Wangen (trans- 
lated, -with my italics) : ‘ Wangen thus appears to be the only 
north German site -which perhaps -would have to be assigned to 
the Elster-Saale interglacial and which therefore would be of Chellian 
age.' This is a good example of confusion of geological and archaeo- 
logical conceptions. The age is meant to be Elster-Saale inter- 
glacial, and since the Chellian is believed to occur elsewhere during 
this phase (which, by the way, is not correct), the chronological 
phase is called by the industry, a dangerous and misleading practice. 
There is no typological foundation for considering Wangen as 
‘ Chellian ’ ; it belongs to the same class of industry as Oberwerschen. 
Oakley compares it with a developed Clactonian (see p. 191), but 
Grahmann (1937) points out that there are indications of prepared 
striking platforms. Geologically, it appears to be later than the 
Elster Glaciation and earlier than Saale, and the Wangen terrace 
probably was aggraded during the first cool phase of the Penultimate 
Glaciation. 

Markkleeberg {Levalloisian). At Markkleeberg near Leipzig 
(Grahmann, 1935) an interesting industry was found in glaciflu-vial 
gravels formed during the advance of the Saale ice-sheet (i.e. PGlj) 
the boulder-clay of which covers the gravels in two separate layers 
corresponding to two local oscillations. The industry was formerly 
regarded as Acheulian (or anything from Chellian to Mousterian), 
but Breuil and Obermaier now consider it as middle Levalloisian 
(Lev. III-IV). This industrial stage appears in France at about 
the same time. Grahmann (1937), who has studied the specimens, 
says they are ‘ predominately typical of the lower Levalloisian ’, 
but ‘ some specimens show Clactonian technique ’. A small number 
of derived, typical Clactonian implements have been found also. 

Hxindisburg {cf. Levalloisian). Hundisburg near Neuhaldensleben, 
Saxony prov., north Germany, has by some been considered as 
an Acheulian site. The specimens are not characteristic enough 
to allow of a correlation with French types. Sehmidt (1912) denied 
their Acheulian affinities but found that some flakes were reminis- 
cent of Levalloisian. Andr^e assigns Hundisburg, as well as the 
three afore-mentioned sites, to his ‘ hand-point ’ cultme. Grahmann 
(1937) has recognized a primitive Levalloisian technique on most 
specimens. The geological section of Himdisburg (Schmidt, 1912 ; 
Wiegers, 1928) is as follows : 

* In Zeuner (1935a) tlie * Chellian ’ (no-w Abbevillian) appeared, -with a question 
mark, in the Elster-Saale interglacial, in order impartially to express the view 
of German -»vriters. Tliis is now proved to be incorrect ; the Abbe-villian is 
not later than tlie Antepenultimate Interglacial. 
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0-75 m. Sandy loess \Tith humus 
0-2 m. Loamy sand with humus 

unconformity (stone bed) 

0-3-2-5 m. Upper boulder-clay 

2-8-3-8 m. Sand and gravel, fluviatilc, with shells, bones {Elcpltas 
primigenius, Tichorhimts antiquUatis, &c.), and imple- 
ments 

O-O-l'O m. Lower boulder-clay 
resting on black Tertiary clay. 

The implementiferous gravel contains mammoth and woolly 
rhinoeeros and, therefore, must correspond to a fairly cold climate. 
Aceording to Woldstedt, this phase was the beginning of the Saalc 
Glaeiation. Hundisburg and Markklecberg thus appear to be con- 
temporaneous. 

Makau {Levalloisian). At Makau, Ratibor district. Upper 
Silesia, Lindner (1937) found implements which he considers ns 
closely related to those of Markklecberg. To judge by his figures 
they may well be classified as middle Levalloisian. They occur in 
glacifluvial gravels underneath a boulder-clay of the Saalc Glacia- 
tion,^ i.e. in the same stratigraphical level as those of Slarkklccbcrg. 

Mouslcrian. No Jloustcrian or mousterioid industry has so far 
been described in north Germany from a geological section which 
is so clear that it admits of one interpretation only. There arc 
several sites wliich, typologically, may be classified as mousterioid 
and, geologically, range around the Warthe Phase. For details, I 
refer to Andrde’s book (1939), in which they appear as ‘ liand-point ’ 
cultures. 

Kozlowski (1925) placed industries of Micoquian and La Quinn 
(Mousterian) affinities found in caves north of Cracow, Poland, at 
the beginning of the Weicliscl Glaciation. The Warthe Phase, 
however, had at that time not yet been separated from the Weicliscl 
Glaciation. 

Thus, in the formerly glaciated area of central Europe the 
interval between Saalc and Wcichscl is still to be regarded ns a 
chronological gap from the archaeological point of view. 

The deposits of the Weicliscl Glaciation and its equivalent loess, 
however, have provided a number of upper Palaeolithic sites. Only 
a few can be mentioned here. 

Upper Palaeolithic of Upper Silesia. The geological age of upper 
Palaeolithic sites in Upper Silesia has been studied by Lindner 
(1937). Most localities are in the Leobschiitz district and in the 
adjacent Opava (Troppau) district of Czechoslovakia, close to the 
south-eastern end of the Sudeten Mountains. They arc all connected 
with the Younger Loess which is superimposed on boulder-clay or 

> As regards the age of the bouldcr-claj’s of Upper Silesia, compare Zeuncr 
(1032) and Bau (1038). 
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glacifluvial gravels of the Saale Glaciation. The Younger Loess of 
Silesia corresponds to the second Younger Loess of west Germany 
and France and can be traced from south of the Weichsel moraines 
(Brandenburg phase) across the moraines of the Warthe Phase to 
Upper Silesia. Remnants of the first Younger Loess are extremely 
rare (Weinberg section near Katscher; Commimal Brickyard at 
Opava ; Karlsberg on the Zobten, Lower Silesia). 

At Kosling, Leobschiitz district, implements occur which Lindner 
compares with the earliest Aurignacian of Moravia, the Sipka 
stage. In Moravia, this industry occurs at the base of the Younger 
Loess in the Pekarna Cave, where it is called primaeval or primi- 
tive Aurignacian, or Pseudomousterian, by Absolon and Cziiek 
(I932).i 

Lindner was unable to study the Kosling section which has 
been destroyed. At no other place in Upper Silesia has this industry 
been studied in situ, so that it is worth while to reproduce here, from 
my diary, the section as it appeared on a visit in 1929 (fig. 52). 
The implements occurred in a stratified sand with pebbles and an 
admixture of loess, which appeared to me to be nothing but Younger 
Loess contaminated by sludge or solifluction. This was the early 
part of the Weichsel Phase. 

Two further important sites are at the Schwarzer Berg (‘ Black 
Hill ’) near Dirschel, Leobschiitz district. In the Throm pit, 
implements of the Willendorf stage (developed Aurignacian, ‘ eastern 
Gravettian ’) were recovered near the hose of the typical Younger 
Loess, which rests on contorted glacifluvial gravels of the Saale 
Glaciation. In the main pit, the section is the same, but implements 
occur in the middle portion of the loess which is about 6 feet thick 
and are of an early Solutrian type, with affinities to the Moravian 
site of Pfedmost, where, according to Lindner (1937, p. 36), following 
Wiegers, the same industry is found in the same geological position. 

A late Amignacian, with Magdalenian affinities and with backed 
blades of the La Gravette type, was foimd at Janken, Ratibor 
district. The specimens still occmred in the loess, but at so high 
a level that they were brought up by the plough. 

These localities supply an interesting succession of relative dates 
for upper Palaeolithic industries. The Younger Loess 2 being the 
equivalent of the Weichsel Glaciation, the * primitive ’ Aurignacian 
of Upper Silesia appears to be of early Weichsel age, part of the 
eastern Gravettian of early-maximum, the early Solutrian of 
maximum, and a Gravettian with Magdalenian affinities of late 
Weichsel age. All these, however, fall at the time when the climate 
was sufficiently glacial for loess to be formed. The latest Amignacian 

' It is obvious tliat tlie exact significance of these typological terms has to 
be tested in the light of the more recent views concerning the early Aurignacian 
of western Europe. 
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(cf. Gravcttian) of the loess area appears to be contemporary r\-ith 
the JIagdalenian elsewhere. 

Final Palaeolithic in north Germany. The position of the so-called 
Slngdalcnian of north Germany (Schwabedissen, 1951) is on the 
whole later than in the pcriglacial and alpine areas. Some of the sites 
in the Hamburg district (Rissen, c.g.) arc older than Ahrensburg on 



FIG. 52. — Loess section of KOsling near Kntsclier, Upper Silesia. 


geological esddence. Schwabedissen considers the majority of the 
sites, which he calls late Magdalenian, as younger than the early 
Hamburgian (Meiendorf) culture. 

Meiendorf As a late Palaeolithic site, Heiendorf may be recalled. 
It has been described in connexion with varve chronology and 
pollen analysis (p. 72). It is associated with deposits of the 
Pomeranian phase and is the latest occurrence of the Magdalcnoid 
group of industries which, soon after the climax of the Pomeranian, 
was replaced by, or developed into. Mesolithic (p. 102). 
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Palaeolithic of north Germany, Summary. The following table 
will help in comparing some of the Palaeolithic sites of north Germany 
with those of other areas : 


Glacial Phase 

Locality 

Industry 


^Rissen (Schwabedissen, 1954) 

‘late Magdalenian’ 

Pomeranian 

Melendorf 

Hamburgian 

— 

Janken 

Gravettian, ‘Magdalenian’ 


^Dirschel 

early Solutrian 

Weichsel 

^ThrOm 

Gravettian 

— 

KSsling 

‘ primitive ’ Aurignacian 

IVarthe 



Saale 

Markkleeberg, Hundisburg, 

Levalloisian, ‘ hand- 


Makau, Wangen 

point ’ culture 

Great Inter- 

Oberwerschen 

‘ hand-point ’ culture 

glacial 


(? cf. Levalloisian or 



Clactonian) 

Elster 


1 


Palaeolithic of the Alpine area. Before proceeding to the peri- 
glacial zone, a few words must be said about the Palaeolithic of the 
Alpine area of glaciation which has provided us with some valuable 
chronological evidence with regard to the Magdalenian. 

Palaeolithic of Switzerland. Beck ( 1939 ) has studied the geology 
and climatic conditions of the Lower Palaeohthic sites of Switzerland 
some of which are notable for the altitude in which they are situated 
inside the high mountain valleys (Wildkirchli cave, 4,923 feet; 
Drachenloch cave, 8,150 feet, both in the Santis Range, northern 
Switzerland ; Baechler, 1929 , 1930 ), whilst another site is famous 
for its abundant and well-studied fauna of mammals (Cotencher in 
the Jura Mountains ; Dubois and Stehlin, 1933 ). Beck found that 
they all date from the second part of the Last Interglacial (fig. 53). 



FIG. S3. — Glaciation curve for northern Switzerland, constructed by Beck 
(1939), and relative position of Palaeolithic industries. The third phase of the 
Last Glaciation is probably much under-rated, judging from the evidence 
obtained in the Lake Constance area. 
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Cotcncher is a site with tj’pical Moustcrian, wlhlst the high vVlpine 
stations may best be described ns moustcrioid, according to Obcminier. 
These results of Beck agree well with the age of the Jloustcrinn of 
Ehringdorf and other sites (see p. 159). 

Mngdalcnian of Lake Constance area. The upper Palaeolithic 
is represented in the famous Kesslerloch cave, near Schaffhausen, a 
little west of Lake Constance. It is closely connected with the 
terminal moraines of Wurm. Among others, it was studied by 
Penck (1901) and Hcierli (1907). Soergel (1919) divided the deposits 
of the Kesslerloch into three phases, the earliest of which contains a 
cold fauna and an early JIagdalenian. In the middle layer, musk-ox 
and woolly rhinoceros are absent, but beaver and roe-deer appear 
instead. These indicate tliat forests had spread. The industry is a 
developed Magdalenian. The fauna of the uppermost horizon is 
again colder, beaver and roe-deer having disappeared. Its industry 
is regarded as late JIagdalenian by R. R, Schmidt. 

It is evident that, during the time of Magdalenian occupation 
of the Kesslerloch, the climate was decidedly cold at first, then 
milder, and tlicn once more colder for a time. 

The connexion of these fluctuations witli morainic stages was 
rendered possible by Schmidlc’s studies (1914). The Kesslerloch 
lies just at the margin of the Schaffhausen moraine (Wilrm 1). 
When the ice was standing at tlic Diessenhofen moraine (WOrm 2), 
about 5 km. farther east, the site was not yet habitable, and tlicrefore 
the lower cold level can at the earliest date from the retreat of 
Wflrm 2. The upper cold level, therefore, can at the earliest represent 
the following belt of terminal moraines, that of Stcin-Singen (Wurm 8), 
and the milder intermediate bed an oscillation intervening between 
the two (for details, see Kimball and Zeuner, 1940). 

The importance of the Kcsslcrlocli lies in the fact tliat its 
JIagdalenian occupation must have begun after the maximum 
extension of Alpine Wurm 2, though when the climate was still 
cold. It continued tlirough a mild oscillation into the cold Stcin- 
Singen phase which has been correlated with the Pomeranian by 
Woldstedt and others. This result agrees with observations in 
north Germany (p. 152) and the periglacial area (p. 101). 

Glaciated areas of central Europe, Summary. The chronology of 
the Palaeolithic of the formerlj’^ glaciated areas of central Europe is 
summarized in fig. 54. The Alpine area has so far supplied evidence 
for the Jlousterian and the JIagdalenian only, but this agrees very 
well with that from the Scandinavian area. The most interesting 
feature is the rapid succession of upper Palaeolithic industries during 
the second phase of the Last Glaciation, and the subsequent per- 
sistence of the JIagdalenian tluough the following interstadial to the 
climax of LGI3. 

The Lower Palaeolithic is scarce, but of interest, since there is a 
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no. 54. — Chronology of climatic phases and Palaeolithic of the glaciated 
areas of northern central Europe, the Alps and North America. 


suggestion that the Levalloisian technique first appeared in the 
Penultimate Interglacial. No light has been shed on the replacement 
of the Mousterian by upper Palaeolithic in the glaciated areas. 
There is a gap in the record extending over LGli and LGli,*. The 
results may be summed up as follows : 

(1) No Abbevillian (Chellian) or Acheulian has been found in 
the formerly glaciated areas. 

(2) The earliest are flake industries reminiscent of the Leval- 
loisian and Clactonian of west Europe. They occur during the 
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Penultimate or Great Interglacial and continue at least up to the 
maximum of Saalc (PGlj). 

(8) (Lower or) Middle Lcvalloisian occurs in glacifluvial gravels 
near the extreme border of the Saale Glaciation, i.c. almost at the 
maximum of PGlj. 

(4) The Last Interglacial has j-icldcd Moustcrian and moustcrioid 
industries in tlie Alps. They appear to date from the second half 
of this interglacial. 

(5) Upper Palaeolithic is associated with Wcichscl = Alpine 
Worm 2 (LGlj). It appears early during this phase, svith Moustcrian 



no. 55 . — ^Locss section of Maucr, 
near Heidelberg, Ncckar Valley, west 
Germany. North wall of the section, 
which docs not show the subdivisions 
of the Iluviatilc series but contains the 
entire loess succession. Homo heidel- 
bergensis was found in the fluviatilc 
* Mauer Sands ’. — After Socrgcl (1028) 
from Zeuner (1045). 



no. 50 . — Section of Wallcrthcim, 
near Mainr,, Rhine Valley, with three 
beds of loess separated by two 
weathering horizons, and a Monster- 
ian occupation level in the Younger 
Ix)ess I. The presence of Y.L. Ill in 
tins section is now established. — 
Based on Schmidtgen and Wagner 
(1020), from Zeuner (1015). 


reminiscences, in Upper Silesia and Jloravia {* Primitive ’ Aurig- 
nacian, Sipka stage). The Solutrian is confined to the maximum 
of Weichsel, and preceded and followed by Gravettian. 

(C) The JIagdalenian appears to have started immediately after 
the climax of LGU, and persisted through a mild oscillation at least 
up to the maximum of LGl,. (Sec Note (24), p. 415.) 

T/ie pcriglacial area of central Europe. It is unfortunate that 
the river terraces of central Europe contain few artefacts. Thus, in 
spite of their importance for the detailed chronology of the Pleistocene, 
they offer little direct help in dating the stages of the Palaeolithic. 
But we are compensated by the great number of loess sections 
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which, in many instances, can be dated indirectly by the river 
deposits on which they rest. Sections consisting of loess and other 
non-fluviatile deposits have contributed most of the chronological 
evidence that we require. In addition, there are some composed of 
travertine (Elrringsdorf, p. 159) and some composed of solifiuction 
deposits (Petersfels, p. 161). We shall consider first four sections 
from the Rhine Valley which, taken together, provide us with an 
outline of the archaeological chronology from the time of the 
Antepenultimate Glaciation onwards. 

Matter, near Heidelberg. The first is Mauer, situated in the bow 
of an abandoned meander of the River Neckar, near Heidelberg 
(Soergel, 1928, 1933). It is the famous locality of Homo heidel- 
bergensis. No stone implements have been recorded from here 
(presumably since collectors in early Pleistocene deposits are apt 
to look for hand axes, and consequently inclined to overlook primitive 
flake implements), but apparently worked bone has been found 
(Voelcker, 1933). The fluviatile sands in which the finds were made 
are covered by a great thickness of loess with weathering horizons 
(fig. 55). The succession, as found by Soergel, is the following : 


Bed, and climatic character 
(N) Recent soil : temperate 
(M) Younger Loess II : cold steppe 
(L) Weathering loam ; temperate 
(K) Younger Ldbss I : cold steppe 
(J) Weathering loam : temperate 
(1) Upper Older Loess : cold steppe 
(H) Weathering loam : temperate 
(G) Middle Older Loess : cold steppe 
(F) Flmiatile sands, and weathering of these 
sands and of the Lower Older Loess : 
long temperate phase 

( — ) Deposition of Lower Older Loess : cold' 
steppe 

(E) Fluviatile sands subjected to solifiuction : 
cold climate 

( — ) Gap, due to denudation ' 

(D) Weathering horizon : temperate 
(C) Floodloam 

(B) Sandy calcareous floodloam 
(A) Mauer Sands. — (A) — (D), including gap : 
Temperate 


Minimum age 
Postglacial 
LGl, 

Interstadial LGl,/» 
LGl, 

Last Interglacial 
PGl, 

Interstadial PGl,/, 
PGl, 

Penultimate 

Interglacial 


ApGl, 


Interstadial ApGl, 
or Antepenultimate 
Interglacial, 
late phase 


This succession illustrates the tjqie of loess section in which 
periods of deposition of loess alternate with periods of chemical 
weathering. The geological dating is hinged on the presence of 
the two Yoimger Loesses of the Last Glaciation, and on the fauna 
of the Mauer Sands (Zeuner, 1945, p. 71), which is slightly more 
advanced than that of deposits of the Antepenultimate Interglacial, 
but slightly more primitive than that of the First Preglacial Terrace 
of Thuringia (at Siissenborn, l.c., p. 262) which is contemporary 
with the oncoming Elster Glaciation (ApGl,). The most likely age 
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of the JIaucr Sands, therefore, is the interstadial ApCl^,,. Socrgel 
(1933), though he agrees that this is their viinimum age, is inelincd 
to assign greater signifieanee to the gap between (D) and (E), and 
to push the Mauer Sands baek into the Antepenultimate Intcrglaeial. 
TJicre is no direct evidence for this, and even if it were, Mauer must 
still be appreeiablj' younger than tlie Cromer Forest Bed of the 
same intcrglaeial, on account of the cvolutionaiy stage of the 
mammalia. Homo hcicklbcrgcnsts, therefore, lived cither immcdiatclv 
prior to the first phase of the Antepenultimate Glaciation, or (more 
probably) during the interstadial of this Glaciation. On the 
radiation cun-c, his age would be near 450,000 years. 

Achenheim, Alsace {Moustcrian and Upper Palaeolithic). Of 
greater typological interest than Mauer is the section of Achenheim, 
in Alsace, famous since Lyell’s days. It has been studied for many 
years by Wernert (1929, 1934, 193C). TIjc earlier interpretation of 
this section, ns given in the prc^^ous editions of this book, was based 
on the practice of assigning one loess to each major glacial phase, 
and on the obsen-ation that the underlying fluviatile sands contain 
a fauna of the Mauer type. For years, however, the so-called Middle 
Older Ixjcss has been a mystery'- It is aUjpiqne, and its fauna mainly' 
temperate. I was most grateful, therefore, to Dr. Paul Wernert for 
his permission to investigate the sequence. Achenheim was visited 
in 1950 and numerous samples taken. Though the investigation is 
not y'et complete, some results have emerged which make the 
sequence appear in an unexpected light. Three Younger Loesses 
are now known to be present, the so-called Upper Older Loess 
being the first Younger Loess (Zeuner, 1953i)). This conclusion 
appears to have been drawn before by' de Ferriere (1937) in a book 
which is unfortunately' unobtainable. 

The Middle Older Loess of the section is a complex of locssic 
liillwash material derived from higher up the slope, and of brccciatcd 
loess with large molluscan shells, interrupted by' a brown soil. It 
rests on a blackish soil and is covered by a reddish soil. The entire 
series appears to have mainly' a temperate character, especially' the 
soils and the liillwasJi. Of the taro brccciatcd loesses, at least the 
upper indicates a mild climate, for its molluscan fauna (Wenz, 1919) 
is very' rich and thorouglily temperate (Note (25), (p. 410). TIic 
entire sequence of the ‘ Sliddlc Older Loess ’ appears, according to 
the evidence available at the moment, to belong to the Last Inter- 
glacial. It rests on an earlier loess, presumably' of PGl age, and this 
on a fluviatile series of Apigl age, an unconformity' separating these 
two deposits. The cause of the abnormal formation of the Jliddlc 
Loess is perhaps tectonic. 

Tlie prehistoric industries arc being studied by' Dr. Wernert. So 
far it can be said that the YL III contains Upper Palaeolithic and 
the YL II Upper Palaeolithic nbovc and Moustcrian below (Wernert, 
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1929). This late survival of Middle Palaeolithic is not unique 
(p, 172). The YL I (formerly Upper Older Loess) contains a 
Mousterioid industry, as does the atypical Middle Older Loess, 
specimens from -which have been compared -with Clactonian (Wernert, 
1934, p. 10) or Tayacian (Wernert, 1936, p. 3). Levalloisian influence 
is strong especially in the higher levels, and a true Acheulian is 
absent. 

Walleriheim, near Mainz {Mousterian). That the Mousterian 
•was the industry of the first phase of the Last Glaciation, is confirmed 
by the interesting site of Wallertheim in the Mainz Basin (fig. 56). 
Schmidtgen and Wagner (1929) found a Mousterian hunting station 
on the banks of a small stream, where there appears to have been a 
watering-place frequented by the larger species of mammals. The 
occupation horizon is later than the deposition of the main mass 
of the Yoimger Loess I, but earlier than the loamy weathering of 
the interstadial separating the two Younger Loesses (LGli/a). The 
fauna (Zeuner, 1945, p. 266) consists chiefly of animals of the loess 
steppe, including the mammoth and the woolly rhinoceros, but 
several other species indicated that woods had begun to spread. 
This site, therefore, appears to date from the end of the first phase 
of the Last Glaciation. 

The Younger Loess I, -with its weathering horizon, is covered 
by fresh Younger Loess II. Wallertheim is one of the places where 
a third Younger Loess occurs, as revealed by the section of the new 
pit. In this respect, Wallertheim agrees with several localities near 
Wiesbaden described by Schonhals (1951). The Younger Loess III 
has been found in Austria also (Brandtner (1950). This is a new and 
important development (Note (26), p. 418). 

Linsenherg, near Mainz (Aurignacian). The chronological posi- 
tion of part of the Aurignacian during the early part of LGlj is 
furtlier confirmed by the site called Linsenberg, near Mainz 
(fig. 57 ; Schmidtgen, 1930). On the surface of the loamy soil 
formed on the Younger Loess I, an Aurignacian resting-place was 
discovered, with a setting of stones and with numerous implements 
and two sculptiures. This site was covered by Younger Loess II. 
Since the accompanying bones were perfectly fresh, Schmidtgen 
concluded that no humid weathering took place after they had been 
left there and that this Aurignacian site dates from the beginning 
of the cold phase evidenced by the Younger Loess II (LGL). It 
cannot belong to the preceding mild interstadial during which the 
soil on the Younger Loess I was formed, since in this case the bones 
would have been destroyed. 

Ehringsdorf, near Weimar {Mousterian). The earliest Slousterian 
site which can be placed in the detailed chronology is that of 
Ehringsdorf near Weimar, in Thuringia (fig. 58). It is famous for 
its remains of Homo neandertlialensis, beside a rich fauna (Zeuner, 




no. 57. — Section of the Linscnberg, no. 5S. — Section of the tmver- 

near Mainz, Rliinc Valley, with two tines and loesses of Ehringsdorf, near 

Younger Loesses separated by a fossil Weimar, Thuringia. The Mouslcrian- 

soiJ, and an Anrignneian occupation Neanderthal oecupation level Is In 

level on the fossil soil. — Based on the Lower Travertine. — Based on 

Schmidtgen (1030), from Zeuner Socrgel (1020n), from Zeuner (1015). 

(1045). 

1945, p. 265) and flora. Occupation layers and fossils occur in 
deposits of calcareous tufa, or travertine, formed by springs and 
resting on the fourth glacial aggradation terrace of the river Ilm, 
The succession has been studied by Socrgel (192Cn, i) ; it is ns 
follows : 

(H) Younger Loess II LGl, 

(G) Upper Travertine, with cool-temperate to Intcrstadinl LGl,/, 
temperate fauna 

(F) Younger Loess I, impregnated with lime 

from above during the following milder LGl, 
phase. So-called Pariser 

(E) Lower Travertine, with temperate forest Second part of 

flora, including walnut and Thuja, Last Interglacial 
forest mammals, II. neandcrlhaUnsis 
and Mousterian industrj’ 

(D) Floodloam with mammoth and European "j 

pond tortoise 1 Cool oscillation of 

(C) River gravels of the Fourth Glacial Terrace : [ Last Interglacial 
cool phase i 

(B) Period of erosion First part of 

Last Interglacial 

(A) Third Glacial Terrace and Sanle Glaciation PGl, 

The dating here given is Soergcl’s. It relies on the one hand on 
the presence of two Younger Loesses separated by a mild phase 
which was not fully interglacial in character, these loesses represent- 
ing the Last Glaeiation, and on the other hand on the interpretation 
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of the Fourth Glacial Terrace as that of the cool phase which inter- 
rupted the Last Interglacial (p. 133), Soergel’s Prewurm phase. 

The Lower Travertine in which the human finds were made, 
testifies to a very mild climate for the latter part of the Last Inter- 
glacial. The average temperature appears to have been somewhat 
higher than at present. The same is suggested elsewhere, as in the 
flora of the peat covering the Danish Middle Bed (Zeuner, 1945, p. 33), 
in the warm mollusca which penetrated into the North Sea at this 
time (Eem Sea), and in the corresponding warm Stro7nbus-{auna 
which survived into this phase (Late Monastirian) in the Mediter- 
ranean. From the archaeological point of view, Ehringsdorf is 
important because it shows Homo neandertlialensis, with a Mousterian 
industry, living in the warm, second half of the Last Inter- 
glacial. 

Peiersfels, near Engen, Lake Constance area (Magdalenian). "While 
the loess stations of the Rhine valley, and of upper Silesia, suggest 
that Aurignacian was present during the episode of climatic decline 
which culminated in the second phase of the Last Glaciation, other 
sites have suggested that (apart from some continuation of the upper 
Aurignacian) Magdalenian had appeared when the retreat of the ice 
began. This applies both in the Lake Constance area (Kesslerloch, 
Schweizersbild) and in upper Silesia. The Kesslerloch cave in 
northern Switzerland further suggested that the Magdalenian 
persisted tlurough the following interstadial into the third phase of 
the Last Glaciation (p. 154). This conclusion is strongly supported 
by the recently excavated cave called Petersfels (Peters, 1930 ; 
Peters and Toepfer, 1932 ; fig. 59). The section of the detrital cone 
in front of the cave is made up, from top to bottom, of : 


(F) Weathering loam, 15 cm. 

(E) Coarse solihuction deposit composed of 
local Jurassic limestone, 40 cm. 

(D) Sludge ivith Magdalenian, 50 cm. 

(C) Earth with Magdalenian in situ, 20-40 cm. 

(B) Weathering loam, 15-20 cm. 

(A) Coarse solilluction deposit of local lime- 
stone. 100 or more centimetres 


Postglacial 

LGl, 

Beginning of LGl, 
Climate becoming 
colder 

Interstadial LGL/. 
LGlj 


This succession was dated by Toepfer (in Peters and Toepfer, 
1932). The two solifluction strata must represent two cold phases. 
Since the site lies in a glacifluvial valley issuing from the Schaffhausen 
Moraine (LGlj), it is likely that the lower solifluction stratum was 
formed during the following cold phase, that of the Diessenhofen 
Moraine (LGL), and the upper one during the Stein-Singen Phase 
(LGj). The great thickness of the lower solifluction, which attains 
to several metres, indeed suggests that the climate was intensely 
cold during its formation, though the ice no longer discharged 
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melbvatcr through Uie valley- The earliest stage of tlie Last 
Glaeiation during which such conditions could have prevailed, was 
the Diessenhofen Phase. The upper solifluction is thinner, and 
suggests a somewhat weaker cold phase, such as that of the tliird 
phase of the Last Glaciation, locally represented by the Stein-Singen 
Moraine. None of the later retreat stages of the Last Glaciation has 
left any stratigraphical evidence in the deposits of the district west 
and south-west of Lake Constance, so that the dating of the section 
leads to the same result, whether one starts from the bottom, or 
from the top. 

The Magdalenian deposits witli their reindeer fauna were formed 
when the climate of the interstadial LGl,,] had begun to deteriorate, 
since chemical weathering e\ndenced by (B) had ceased, and solifluc- 
tion apparcntlj’ started immediately thereafter. 



FIG. 50. — Section of the dctrit.nl cone of tlie Pctcrsfels Cave, near Engcn, 
Lake Constance area, after Peters and Toepfer (1032). For lettering compare 
text. Jlagdalcnian in situ in C. 


From this evidence and that of the Kesslcrloch, it is certain 
that the Magdalenian survived into the third phase of the Last 
Glaciation. 

Ilohlcr Stein, Westphalia {Mesolithic). The end of the Palaeo- 
lithic and the beginning of the Mesolithic, after the climax of 
the Pomeranian Phase (LGlj) in the Hamburg district were discussed 
in Chapter IV (p. 72). It may be added that in some Westphalian 
caves the final Palaeolithic is found associated with a mammalian 
fauna of the tundra type, though a few forest forms arc present 
(Andrde, 1932, 1939). A pre-Tardenoisian with close affinities to 
the final Magdalenian was found by Andrde (1932) in the Ilohler 
Stein cave, together with reindeer on the one hand, and wild boar 
and red deer on the other. At the time of the early Jlesolithie, 
therefore, the forests had begun to spread. 

It is thus probable that the final Magdalenian lasted until the 
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climax of the tliird phase of the Last Glaciation had passed, and that 
it gave way to an early Mesolithic before the climate had reverted to 
a temperate type. 

Czechoslovakia. The loess areas of Bohemia, Moravia and Slovakia 
have in recent years provided most valuable evidence for the appear- 
ance of Upper Palaeolithic industries in LGlj^a and their survival into 
LGI3. References are given in Note (26), p. 418. 

East Europe and Siberia. The archaeological chronology of 
Europe north of the Alps is summarized in fig. 65 (p. 202). If one 
ventures farther east, in the hope of extending this chronology, one 
is thrilled with rich and culturally most intriguing sites discovered 
in south Russia (Bon6-Osmolowskij, 1935 in Crimea, for instance) 
and in Siberia (Sosnowsky, 1935).^ At the same time one is dis- 
appointed when, on closer study of the published sections, one 
discovers that these sites cannot yet be fitted into the detailed climatic 
chronology. This is so for two reasons. 

First, it may still be assumed, with reasonable certainty, that in 
the whole of south Russia loesses correspond to cold phases and 
buried soils to interglacials or interstadials ; but in central Siberia 
(Afontowa Gora, near ICrasnojarsk, or Malta, near Irkutsk), where 
the recent or interglacial climate is intensely continental, where 
tjaele occurs as far south as 50° N. lat., and where the reindeer is now 
found as far south at 49° N., loess and solifluction deposits may well 
have formed during periods which were not contemporaneous with 
the glacial phases of Europe. 

The second reason why these sites cannot yet be fitted into the 
detailed chronology is that it has not been possible to work out 
the local chronology of the Pleistocene. This is, in view of the dis- 
tances involved and the limitations imposed by the present climate, 
a most formidable task and we shall probably have to wait for some 
time before it can be achieved. 

Zuravka and Dovginici, Ukraine {Aurignacian) ; Derkul {Mous- 
terian). The first area which is likely to produce an archaeological 
chronology comparable with that of central or west Europe, is 
southern Russia, where the sequence of loesses has already been 
worked out and affords an excellent detailed chronology (Krokos, 
1927 ; Zeuner, 1938), especially as the Upper Older Loess was 
invaded by the extreme southward advance of the Saale Glaciation 
(Dnjepr Lobe). But the number of Palaeolithic sites which can 
be dated on local palaeoclimatic evidence is as yet very small. In 
the loess area of the Ukraine, only one Mousterian site has so far 
been found (Derkul, a tributary of the Donetz ; MirCink, 1935 ; 
Efimenko, 1935), and this in a section which cannot be dated con- 

* The discoveries made in Russia and Siberia up to 1933 are described 
|wns. II. Intern. Conf. Assoc. Study Quatem. Europe, Leningrad-Moscow, 
1985, fasc. V. See also Garrod, 1938, and papers by Handar. 
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clusively, though Jlircink suggests tliat the layer containing the 
implements was formed ‘ at tlie outset ’ of the Last Glaciation. 

As examples of Aurignacian sites in tlie Younger Loess of the 
Ukraine, 2uravka (Dept. Pryluka) and Dovginici (Volhynia) mav 
be mentioned. Both were studied by Ivrokos (1929, 1930), who 
found that upper Palaeolithic man lived at these places at the end 
of the intcrsladial between the first and second phases of the Last 
Glaciation, when tlie mammoth had re-appeared and when the 
Younger Loess II began to form. This is tlie same stratigraphical 
position of the Aurignacian as at the Linsenberg, near Mainr 
(p. 159). 

Kiik-Koba, Crimea {Acheulian). The lack of Lower Palaeolithic 
in the loess area of Russia is probably due to the great thickness and 
wide distribution of the Younger Loess which veils older deposits. 
In the caves of the Crimea, however, several Lower Palaeolithic 
stations have been diseovered (Bonc-Osmolowskij, 1935). The 
earliest is Kiik-Koba, where an * amorphous ’ industry is followed 
by ‘ upper Acheulian ’ with remains of man. These (only the hand 
has been studied in detail so far) arc regarded as related to Neanderthal 
Man rather than Homo sapiens (Bonc-Osmolowskij, 1941 ; review 
by Keith, 1944), a startling find if one considers that elsewhere men 
resembling Hotno sapiens appear to have been the makers of the 
Acheulian industry. Unfortunately, the Acheulian stratum of 
Kiik-Koba is followed immediately by a surface layer with historical 
material, so that geological dating is impossible. 

It is conceivable, however, that the typological identification of 
the industries of lUik-Koba may have to be modified (Zeuner, 1940, 
p. 14). The ‘ amorphous ’ industry appears to have late Clactonian 
affinities, to judge from the published figures, while the ‘ upper 
Acheulian ’ almost certainly exhibits Levalloisian affinities. The 
bifaces are mostly made on flakes, and the majority of the ‘ hand- 
axes ’ are worked on one side only. If this industry turns out to be 
a late Levalloisian, or a LevaUoiso-JIoustcrian, the difficulty of 
having Neanderthal man associated ■with Acheulian would be 
removed. Further notes on this interesting site will be found in 
Bonc-Osmolowskij’s monograph, in Boule (1925, 1926), and Gromova 
and Gromov, 1937. 

Upper PalaeolUhic of Siberia. It has been pointed out above 
that the correlation of the Siberian Palaeolithic with that of Europe 
is still a matter of controversy. It also is a matter of importance, 
however, since here we encounter in one and the same industry 
a combination of Jlousterian, upper Palaeolithic and even Mesolithic 
traits which, in Europe, are successive and spread at least from 
tlie end of LGlj to the end of LGlj. The material has been ably 
summarized and discussed by Sosnowskij (1935). 

Malta, near Irhutsh. The earliest stations are JIalta, Irkutsk 
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(Military Hospital), and Kaiskaja Gora, all three in the area of 
Irkutsk on the Angara River, north of Lake Baikal, Their fauna 
is predominately arctic and includes the mammoth and the woolly 
rhinoceros, and their industry is essentially based on mammoth 
ivory, bone and antlers. Typologically, the industry has been 
compared with the Aurignacian and Solutrian of Europe by Salmony 
and Gerassimow, and by Gromov with the late Magdalenian. Con- 
sulting the stratigraphical position as a possible clue to correlation, 
we find that the sites occur in a loess-like deposit resting on fluviatile 
loam and gravel of a terrace 18 metres above the river. They are, 
therefore, later than the fluviatile phase of the aggradation of this 
terrace, hut earlier than the deposition of the main mass of the loess. 

The formation of this terrace is, however, followed by (1) a 
period of do^vn-cutting, (2) the accumulation of a 9 to 12-metre 
terrace, (3) a further down-cutting, and (4) the establishment of 
the present river level with its floodplain. This is a considerable 
sequence of events which makes it difficult to interpret the term 
‘ end of Wiirm ’ used for the age of Malta as meaning the end of 
LGI3, which it would have in Europe. Since no attempt has 
apparently been made to study the terrace system from the climatic 
point of view, or its relation to the sea-level, it is impossible to 
arrive at a clear view of the age of these stations, 

Afoniova, near Krasnojarsk. The same applies to the later 
stations, many of which are concentrated in the Krasnojarsk area 
on the Jenisei river (for instance, Afontova II, lower horizon ; 
Korokewo II, etc.), which were occupied partly during a later phase 
of loess formation, and partly when the down-cutting had begun. 

A still later group of stations (Gromov’s Group II) dates from 
the phase of down-cutting following the aggradation of the 9-to- 
12-metre terrace at Krasnojarsk. By this time, the mammoth and 
the woolly rhinoceros had disappeared, and reindeer, horse and aurox 
characterize the fauna. This group comprises the sites called 
Sabocki, near Korokewo, and ‘ Immigrants’ Point ’, near Krasnojarsk. 

Finally, a last group (Gromov’s Group III) occurs in various 
deposits, apparently always near the surface (Afontova II, upper 
horizon; Afontova IV, Gremjacij stream, near Krasnojarsk). In 
these, bone artefacts have become rare, and many microlithic imple- 
ments are present. 

The last two groups are classified as ‘ Postglacial ’ by the Russian 
authors. But the long sequence of geological events beginning with 
the formation of the 18-metre terrace, regarded as ‘ final Wiirm ’, 
makes one suspect that these terms, as applied to the Siberian 
Palaeolithic, must not be interpreted in the light of the climatic 
chronology of Europe. Even though one has to leave open the 
question what climatic conditions are indicated by river erosion and 
river aggradation in Siberia, it is clear that during the period 
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covered by tlic Siberian Pnlneolithic, the rivers have passed througli 
t-svo complclc cycles of aggradation and erosion, involving some 
50 feet of lowering of the river's course in a flat country. It is 
difficult to conceive of all this having happened since LGlj, say 
svithin 15,000 years. The evidence for two cycles of accumulalion 
and erosion suggests rather that the earliest sites (Malta, &c.) arc 
about as old as LGI 2 , whilst the latest could well be as late as near 
the end of LGlj, or the beginning of the Postglacial. It will be 
interesting to watch the outcome of further stratigraphical work in 
Siberia. Let us hope that our Russian colleagues wifi find it possible 
to make the river terraces and the phases of loess formation the 
subject of a special study. (See also Movius, 1953.) 

C. PALAEOLITirrC OF FRAN'CC AKD THE ATr..VN-TrC COAST 

France is the classic region of prch'istory, especially of the 
Palaeolithic. Of all countries, France has supplied us with the 
most complete succession of Palaeolithic industries, and the French 
typological divisions have become the standard for the world. As 
regards the detailed chronology of the Pleistocene, however, the 
only part of France where geological evidence is sufficiently ample, 
and has been investigated from this point of view, is the valley of 
the Somme in northern France. This important work was begun 
by Commont, and continued by Breuil. The eonne.vion of the 
fluviatile terraces with the ancient bcaehes on the coast of the 
English Channel has been elucidated by de Lamothc. The enormous 
archaeological wealth of the Somme valley and the practical necessity 
to classify all the important sites within a working chronological 
system, has tended to obscure the eyes of students to the fact that 
the number of sections which arc conclusive from the point of view 
of climatic clironology arc not many. A few from this number 
have been selected here for the purpose of demonstrating the detailed 
clironology of the Palaeolithic of the Somme v'allcy. 

Somme Valley. The loesses of the Somme valley (pi. XII, fig.B) 
are similar to those observed in the Rhine valley, with the difference 
that the Younger Loess is less thick ; the Younger Loess II apparently 
being somewhat under-developed. This is in agreement ■with the 
westerly situation of the Somme, where the climate is likely to have 
been influenced by the sea more during LGlj than during LGlj, in 
accordance with the smaller size of the ice-sheet.^ Conversely, 
solifluction deposits are more conspicuous in the Somme than they 
are farther east, for the same reason.® 

* Breuil has recently subdlv'idcd the two Younger Loesses into two each, hut 
there is no evidence from buried soils that this further subdivision corresponds 
to separate glacial phases. No more than two, therefore, arc distinguislied here, 
in accordanee with the conditions obser\'cd in most parLs of temperate Europe 
and in accordance with Breuil’s system prior to 1030. 

• For further discussion of these points, see Zeuncr (10 Jj, p. 80). 
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The fluviatile terraces of the Somme (pi. XII, fig. C) are, unfortun- 
ately, of that complex type prevailing in rivers above the estuary. 
The movements of the sea-level have combined with climatic 
aggradation and erosion in a most complicated manner, and great 
tribute has to be paid to H. Breuil’s intuition that has led him to 
date the industrial sequence so correctly (Breuil, 1932, 1937, 1939). 
It is impossible in the present context to proceed on strictly logical 
lines by building up, from various sections, the complete detailed 
chronology and to prove that only this chronology satisfies the 
evidence. This has been done in another place (Zeuner, 1945, 
p. 81 ff.). The sections given, however, do provide some idea of 
the geological evidence available. 

Porte du Bois, Abbeville {Abbevillian). Abbeville lies not far from 
the neck of the modern estuary of the Somme. The pits of the 
Porte du Bois, just outside the town, have been famous for many 
years. One of them, the carri^e du Moulin-Quignon, is the veritable 
birth-place of the Palaeolithic, since it was from here that Boucher 
de Perthes, in 1847,^ deseribed for the first time human implements 
associated W’ith extinct mammalia. Clmonologicafiy more important 
is the carri^e Carpentier, from which d’Ault du Mesnil (1896) made 
known a rich Abbevillian ^ industry associated with a mammalian 
fauna of the age of the Cromer Forest Bed. On palaeontological 
evidence alone, therefore, this deposit proves to be Antepenultimate 
Interglacial. 

Comment (1910/) was xmable to confirm d’Ault’s discoveries, 
but Breuil (1939a) has, by means of fresh excavations and a careful 
scrutiny of the published evidence, proved convincingly that there 
is no reason to doubt d’Ault’s claim. 

The section of the carriere Carpentier (Comment, 1910/; Breuil 
and Koslowski, 1931) may be summarized as follows : 

(VIII) Top layer, possibly containing some Younger Loess. 

(ni) Older Loess, weathered to argile rouge. 

(VI) Caillouiis (pebble layer) covering the sands of (V), with 
lower Acheulian implements (Acheulian II) apparently derived from 
the underlying sands. 

(V) Upper Gravels and Sands, with two rolled, and therefore 
derived, Abbevillian hand-axes, beside a ‘ beautiful Acheulian I, 
which is fi-esh and well-worked ’ (Breuil, 1939a, p. 30). Fauna with 
typical Elephas antiqims, of middle Pleistocene type. Altimetrically, 
the surface of tliis fluviatile aggradation runs into the Tyrrhenian 

' Boucher de Perthes (1849). See also his answer to the Laon archaeologists 
(1859), wliich givra a vivid picture of the suspicion by which Boucher’s claims 
werc^met and of his firm conviction that his observations w'ere correct. — ^RigoUot 
(1855) reported the discovery of the first implements at St. Acheul. 

Comment’s Pre-Chellian = Chellian of many authors was renamed Abbe- 

Tri"' • Breuil (19396). Comment’s Chellian = lower Acheulian 

of Breuil. Note this when reading Conunont’s papers. 
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(32 metres) sea-level of tlie Penultimate Interglacial. We may 
conclude, therefore, that early Acheulinn man lived while the sea 
rose to its maximum level during this Interglacial. 

(IV) Sharp crosional unconformitj'. Comment observed a small 
bed of peat. An crosional phase during which the river cut to a 
low sea-level. 

(III) White Marl, with sandy layers and with an Abbevillian 
industry. Fauna composed of early Pleistocene species and ‘ Pliocene 
survivals like Elephas vicridionalis, Eqtitts stenonis, Trogonihemm, 
tj’pical of the Antepenultimate Interglacial. 

(II) Sand with shells. 

(I) River gravel with Hippopotamus and Equus stenonis, referable 
to the same interglacial ns (III). 

The sections from Abbeville thus siiggest that the Abbevillian 
belongs to the Antepenultimate, and the lower Acheulinn to the 
Penultimate, Interglacial. 

Amiens, carrierc Frcville {Abbevillian, Claclonian, Acheulian, 
Lcvalloisian). Twenty-five miles upstream from Abbeville, as the 
crow flies, we meet with the second important group of sections in the 
neighbourhood of Amiens, especially in the suburb of St. Achcul. 
The carriere Frdville at St. AcheuI is important because it confirms 
the results obtained at Abbeville and permits us to link them up 
with the sequence of the carriere Bultel-Tcllier. The section 
consists of : 

(VII) Weathered surface of Younger Loess. 

(VI) Younger Loess. At its base (presumably from the time 
of the preceding interglacial (LIgl)), middle Lcvalloisian (Lev. III-IV 
of Breuil), 

(V) Argile rouge, weathered surface of Older Loess. With 
patinated upper Acheulian (Acheulian V). Weathering of Last 
Interglacial. 

(IV) Older Loess. No implements in the loess, but early 
Acheulian incorporated in the cailloutis at its base, the produce of 
denudation pre\'ious to the commencement of loess formation, 

(III) White sand with lenses of gravel. In the sands, Acheulian I, 
and numerous implements of Acheulian II on their surface. Inter- 
glacial aggradation of the river. Penultimate Interglacial. 

(II) Weathering, and period of denudation. Gap in the geological 
record. 

(I) Lower Gravels, in the Rue du Comte-Raoul with primitive 
Elephas aniiquus as found at Abbc\dlle, indicating Antepenultimate 
Interglacial. At carridre Frdville with atypical implements only, 
but in the neighbouring carridre Leelercq with numerous Abbevillian 
and Clactonian specimens. 

This succession agrees ivith that from Abbeville in the superposition 
of a river deposit of the Penultimate Interglacial, with lower Acheulian 
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(layer III at Fr^ville, V at Abbeville), on a river deposit of the 
Antepenultimate Interglacial, with Abbevillian and Clactonian 
(layer I at Fr^ville-Leclercq, I-III at Abbeville). These sections tell 
us that the Abbevillian was the hand-axe culture of the Antepenulti- 
mate Interglacial, while the Acheulian appeared during the Penulti- 
mate Interglacial. The view held in Germany for many years that 
the Abbevillian belongs to the Penultimate Interglacial and which is 
still defended by Andrde (1939), therefore, is no longer tenable. 
This author’s suggestion that something appeared to be wrong in 
the French succession because he arrived at a different result, falls 
to the ground, since the geological evidence for the age of the 
Abbevillian in northern France is sound. It is possible that what 
Andr^e calls ‘ Chellian ’ at Neanderthal (his test site) is, in the 
modern French classification, early Acheulian. 

Si.Acheul, carriere BuUel-Tellier {Abbevillian, Clactonian, Acheulian, 
Levalloician, upper Palaeolithic). The sections of the carrieres Bultel 
and Tellier at St. Acheul are perhaps the most important in Europe 
for the chronology of the lower Palaeolithic, since they give us dates 
for several industries within the detailed chronology. They were 
studied extensively by Commont (many papers between 1909 and 
1913, especially 1909c). The more recent paper by Breuil and 
Koslowski (1931, p. 471) contains a synthesis of Commont’s earlier 
work, as well as of their o'wn. The section has been discussed in 
Zeuner (1945, p. 86) from the view-point of climatic chronology, so 
that we can confine ourselves to a summary providing chiefly the 
archaeological evidence (fig. 60) : 

(XI) Re-deposited Younger Loess (probably result of ploughing), 
with Neolithic. 

(X) Postglacial weathering of Younger Loess II. 

(IX) Younger Loess II, in its upper, weathered portion with 
upper Aurignacian and Solutrian. At its base, in a cailloutis possibly 
comprising remnants from the preceding interstadial, Levalloisian 
VI. LGlj. 

(VIII) Weathering of Younger Loess I. Interstadial LGlj/j. 

(VII) Younger Loess I, with a cailloutis in the middle, containing 
upper Levalloisian (Lev. V). At the base, another cailloutis, also 
with Levalloisian V.^ LGl^. 

(VI) Argile rouge, weathering of the Older Loess. In its upper 
portion, upper Acheulian (Acheulian VI-VII, Micoquian) has been 
found. Some of the implements lay, with one of their faces, in the 
argile^rouge, and with the other in the cailloutis layer at the base of 
the Younger Loess (Commont, 1909c). They are patinated white, 
which testifies to the intense weathering they suffered. This 

O of fig. 10 in Breuil and Koslowski, 1931, p. 472, it is 

rauea ticv. III-IV instead. This possibly refers to certain specimens found by 
tonunont on the surface of the argile rouge. 
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industr}*, therefore, sit least in part belongs to the prolonged mild 
period which followed the deposition of tlie Older Loess and prcccdctl 
that of the Younger Loess, i.c. the Last Interglacial. 

(V) Older Loess. No implements in the unwcathcrcd portion. 
PGl.. 

(IV) Red sands (Sable roux of Commont, Breuil, &c., G), resting 
on eroded surface of earlier deposits (except where III is present). 
Tills appears to be a hill-wash formed during the initial stage of PGl,. 



FIG. GO. — Section of the Carriire Bultcl-Tcllicr, S.iint-Achcul, nc.ar Amiens, 
north France. For explanation, sec text, p. ICO. — ^.Aflcr Commont (1009c, 1912) 
and Breuil and Koslowski (1931), from Zeuner (19131. 


At the very base of the red sands, a middle Acheulian site was 
found (Aclieulian III, Breuil, 1931 ; Acheulian Illfc, Kelley, 1937 ; 
Acheulian 11^ Breuil, 1939&). It is knoirn as the Atelier Commont. 
The implements are stronglj’- patinated, whilst others occurring at 
a higher level in the red sands are not. It is likely, therefore, that 
tlicy were subjected to weathering before the red sands were deposited, 
and that they belong to some phase earlier than that of the red 
sands. On the other hand, the Atelier cannot be older than the 
llusiatilc series (I, below) on which it rests. This middle Acheulian, 
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therefore, dates from the Penultimate Interglacial at the earliest, 
and at the latest from the interstadial PGli/j. 

IVhile the climate deteriorated and the red sands were deposited, 
middle Acheulian man once more appeared on the scene : a second 
middle Acheulian horizon (Acheulian IV, Breuil) is found in the 
red sands. 

(Ill) Lens of white chalky sand, local (H). Where present, rest- 
ing on the eroded surface of (I). According to Breuil and Koslowski, 
the shell fauna suggests a ‘ moderately warm ’ elimate. Interstadial 
PGlv.. 

( — ) An erosional imconformity separates the earlier deposits 
from the later (fig. 60). 

(II) Coombe-rock (frost-weathering debris consisting of chalk), 
correctly interpreted by Breuil and Koslowski as formed under cold 
conditions. PGl^. 

(I) Fluviatile gravels below and fluviatile sands above, of the 
aggradation leading to the Tyrrhenian sea-level. Penultimate 
Interglacial, confirmed by fauna. 

The gravels contain derived Abbevillian and an un-rolled 
Claetonian industry which was found in situ by Breuil. The sands 
have yielded an early Acheulian (Acheulian II). 

A weathering which affected the gravels is shown both by 
Commont and Breuil and Koslowski as passing underneath the sands. 
This ‘ Aveathering ’ ^ might afford a parallel to the weathering of the 
LoAver Loam in the 100-foot Terrace of the Thames at SAvanscombe, 
with Claetonian underneath the weathering horizon, and Acheulian 
aboA'e. These tAvo sections assign to the ‘ Claetonian II ’ an early 
part of the Penultimate Interglacial, and to the Acheulian a later 
one. It must not be overlooked, however, that AA'hile the date for 
Claetonian II appears to apply generally, the Acheulian may well 
be partly contemporary with it. In Swanscombe, early middle 
Acheulian is found above the Aveathering horizon, in St. Acheul, 
the specimens have been classified as loAver Acheulian. 

This section thus provides us with a AA'ealth of chronological 
information. On its evidence, we may assign — 

The Abbevillian to a time prior to PIgl. 

The Claetonian II to an early part of PIgl. 

The loAver Acheulian (Ach. II) to some later part of PIgl. 

The middle Acheulian (Ach. III/IV) to from late PIgl to 
early PGU.2 

The upper Acheulian (Ach. VI— VII, Micoquian) to LIgl. 

' Provided it is a true A>'eathering horizon. 

* The uncertain position of the Atelier Commont makes it difficult to state 
the beginning of the middle Acheuh'an at St. Acheul, but Kelley (1937, p. 18) 
found Aclieulian Ilia in the neighbouring site of the 30-metre terrace gravels at 
Cagny. This establishes the presence of early middle Acheulian in the Penultj- 
mate Interglacial of the Somme. 
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The Lcvalloisian V to end of LIgl and LGl,. 

The Lcvalloisian VI to interstadial LGlj,. or early LGl,. 

The upper Aurignacian and Solutrian to climax of LGl,. 

It will be noticed that the evidence from other sites in France 
and farther cast tallies well with this succession, except in the survival 
of the Lcvalloisian into LGl^,, or even LG!,. By this time, Aurig- 
nacian appears to have been present in some parts of Europe. The 
difference, however, is slight, since when the second phase of the 
Last Glaciation reached its climax the upper Palaeolithic had arrived 
at St. Achcul also, with tlie same industries as arc found elsewhere 
at this time. It will be interesting to see whether this apparent 
sur^'ival of the Lcvalloisian is a matter of some significance or not. 
For this purpose we have to turn to the Seine vallej’. 

St. Pierre, near Jiouen, survival of Ln-alloisian into upper Palaeo- 
lithic times. The sections in the brickearth pits of St. Picrre-les- 
Elbeuf, not far from Rouen, on tlie slope of the Seine valley, present 
evidence for three Younger Ixicsses separated by horizons of humid 
weathering, resting on thick Older Loess which is weathered to 
argilc rouge in its upper portion. This is the succession with which 
we are now familiar of PGl, (Older Loess), LIgl (argilc rouge weather- 
ing), LGlj (Younger Loess I), LGl,., (weathering) LGl. (Younger 
Loess U) and LGI 3 (Younger Loess III), The sections have also 
provided evidence for several older loesses, after a detailed examina- 
tion of the buried soils and mechanical analysis of numerous samples 
(Zeuner, 1945, p. 81 ; 1948, p. 14 ; Bordes, 1954 ; Zeuner, 1950). 

Spedal interest is attached to St. Pierre by the Palaeolitliic 
implements it contains, I am grateful to Mr. Harper Kelley, of 
Paris, for the information he gave me on this matter and for his 
permission to mention the finds, which are prescn'cd in the 
Laboratoire de Prdhistoire of the Musdum d’Histoirc Naturcllc in 
Paris. The archaeological significance of this site has previously 
been stressed (Leakey, 1934, p. 134). 

In the lower pit (briquettcrie Bigot), Moustcrian (Lev. VI-VII) 
occurs at the base of the Younger Loess II and in its lowermost 
twelve inches. The same lower Palaeolithic industry is found 
towards the top of the soU on the Y^ounger Loess I. It ■will be 
remembered that, in central and east Europe, Aurignacian appears 
in this stratigraphical position, but the upper Lcvalloisian has been 
found in this level at St. Acheul and, according to Breuil and Kelley, 
it is quite frequent in the cailloutis at the base of the second Younger 
Loess of northern France. If it can be shown, therefore, that this 
Lcvalloisian occurs in situ, in particular in the lowermost twelve 
inches of the Younger Loess II at St. Pierre, we should have clear 
evidence for the survival of the upper Lcvalloisian into the second 
phase of the Last Glaciation, i.e. into a period when the Aurignacian 
had established itself elsewhere in Europe. 
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Outside the present working portion of Bigot’s pit, towards the 
upper pit, called Grande Briquetterie, some implements of upper 
Palaeohthie aspect have been found. Mr. Kelley collected from the 
floor of the excavation three cores, two burins, two backed blades 
and one scraper, and the workmen claim to have obtained from the 
surface of the Younger Loess I two cores and one blade.^ This 
material would, in central or east Europe, be in its correct strati- 
graphical position, but here it confliets with the evidence of Bigot’s 
pit and many other places. So far as the evidence goes at present, 
and provided that the strati graphical positions of the implements 
are confirmed by further finds, it is suggested that upper Palaeolithic 
man penetrated to the Seine for a short time at the end of the 
interstadial between the first and second phases of the Last Glacia- 
tion, whilst the lower Palaeolithic continued in spite of this invasion, 
into the early part of the second phase of the Last Glaciation. This 
survival was not a general phenomenon. We have met it here in 
northern France for the first time; and we shall find it suggested 
in other parts of Europe also. It is a highly interesting phenomenon, 
and it is desirable that special attention be paid to sections covering 
the critical period, with the view to dating as closely as possible the 
succession of industries. (Note (27), p. 419.) 

The briquetterie Bigot has further yielded implements which 
help to continue the Palaeolithic sequence into the past. From the 
base of the Younger Loess I, a Micoquian hand-axe was recovered, 
whilst a hand-axe of the type of Levalloisian V came from the top 
of the argile rouge. These industries, therefore, would date from 
the time before the beginning of the deposition of the Younger 
Loess, or at the latest just from its beginning. This agrees with 
their position in St. Acheul and other parts of France. 

Benancouri, near Amiens {middle Aurignacian). By the time of 
the climax of LGlj, the Aurignacian was established in northern 
France. This is borne out in St. Acheul and in other sections of 
the Somme valley. 

No lower Aurignacian (Chatelperronian of Garrod, 1938) appears 
to be known, but middle Aurignacian (typical Aurignacian) 
has been recorded by Commont (1913a, p. 504) from Renan- 
court, near Amiens. The section (Commont, 19116, p. 241) is as 
follows : 

(IV) ' Hill-wash ’ of loessic material, 

(III) Upper loess-loam, together with (IV), 1-5 metres. 

(II) Younger Loess, 2-5 metres. 

(I) Cailloutis, with middle Amignacian. 

(— ) More Younger Loess (Commont, 1913a, p. 504), 2-7 metres 
or more (Commont, 19136). 

*A Levalloisian flake, however, was extracted in my presence from the 
weathering horizon of the Younger Loess I. 

7 
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Commont states that this industrj' occurs in the latest loess at 
a depth of about 2 metres.^ 

Moniicres, near Amiens, Basse Terrasse {upper Auripiacian). 
The position of the upper Aurignacian (see also SL Aclieul) is stated 
to be in Oie * partie superieurc de I’crgeron (loss rdeent) ou limon 
de ddbordement le couronnant sur les rives aelucllcs (basse terrasse) ’ 
(Commont, lOlSa, p. 504). At Montidres, for instance, it occurs in a 
wliitish silt immediately above the Younger Loess, considered ns a 
flusdatile deposit by Comment, bclous a deposit containing his pre- 
Solutrian to be discussed presently. It is very diOicult to interpret 
these late Pleistocene silts of the Losv Terrace and the floodplain of 
the Somme. Breuil and Koslowsld (1031), too, have paid attention 
to this problem and have succeeded in prosung in some cases their 
flusdatile origin, whilst in others tlicy have been able to identify 
some of Comment’s Uinons with Younger Loess. But from published 
sections which can no longer be checked in the field, it is impossible 
to deduce the origin of this tj'pe of deposit. 

BcUoy-sttr-Somme {jpre-Sohttrian). An upper Palaeolithic with 
Solutrian afiinities, called pre-Solutrian by Commont, was found at 
Belloy-sur-Somme (Commont, 1909h, 1910d ; Breuil and Koslowski, 
1931, p. 310, -with further references). The level of this industry is 
at the top of the fresh Younger Loess at the base of the loamy soil 
(terre A briques). Commont (1910d, p. 801) was aware that this 
industry belongs to the final phase of loess formation. Typologically 
he compares it with the pre-Solutrian horizon below the true Solutrian 
at Solutr(i, but there are strong affinities to the upper Aurignacian 
also. 

Solulrian and Magdalenian of the Sotnme valley. The Solutrian is 
found on the surface of the Younger Loess ; Commont (1913a, p. 504) 
mentions Conty ns a locality where it was found in a section, covered 
by hill-wash containing Neolithic and Gallo-Roman remains. 

The Magdalenian, too, is restricted to the surface of the loess, 
though it is often covered by peat and hill-wash filling the buried 
channel of the Somme. 

Commont has repeatedly emphasized tliat the succession of the 
upper Palaeolithic of the Somme represents a verj' short space of 
time. This is borne out by the sections. We have found belated 
Levalloisian in the lowermost Younger Loess II, in its middle, 
Jliddle Aiudgnacian, in its upper portion upper Aurignacian and 
pre-Solutrian, Solutrian at or very near the surface, and Magdalenian 
on the surface. This is the same rapid succession of upper Palaeo- 
lithic industries that has been found elsewhere in the Younger Loess II, 

* Conflicting statements concerning the industry arc found in Commont 
(19136). On p. 578, it is called ‘ nettement Aurignacien typique (Aurignacicn 
mojxn . . . de la Dordogne) ’. On p. 573, it is called ‘ Aurignacicn supCrieur ’. 
It is also recorded from the loess-loam, not from the cailloutis. I’ossibly tlicrc 
are two horizons, but Commont speaks of only one. 
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with the difference that (the Aurignacian having put in a precocious 
appearance at St. Pierre during the Interstadial LGli/*), the final 
Levalloisian siuwived into this phase (LGlj), and that the Magdalenian 
has so far been found on the surface only. This, however, need not 
mean a real retardation of this industry, since loess formation must 
have ceased almost immediately after the climax of a glacial phase, 
especially in a country so far west as northern France, where the 
influence of the ocean was stronger than farther east. On the other 
hand, some of the Magdalenian of northern France may be rather 
later, but the complete absence, up to the present, of deposits of 
LGU renders exact dating impossible. 

Thus, except for the survival of the final Levalloisian, the 
Palaeolithic succession of northern France agrees chronologically 
with that of the Rhine and farther east.^ 

The French succession is tabulated in fig. 65, p. 202. 

Jersey, Channel Islands. The subdivision of the Last Inter- 
glacial by a cool phase which has been encountered in central Emope 
is not evident in the French rivers, except for the distinction of a 
High Low Terrace and a Low Low Terrace introduced by Breuil and 
Koslowski (1932, p. 27). But this still does not help in the dating 
of industries within the Last Interglacial. Since the two warm 
parts of the Last Interglacial have left the clearest evidence in the 
two Monastirian beaches, it is worth while to study an area where 
these beaches are preserved. Jersey, the largest of the Channel 
Islands, affords good opportunities (Mourant, 1983, 1985). 

CoUe d la Chevre (Levalloisian). Three beach-levels have been 
identified in Jersey, one at 83 metres (Tyrrhenian), one at 18 metres 
(Main IMonastirian ; PI. XIV, fig. B ; XV, fig. A), and one at 7-5 
metres (Late IMonastirian ; pi. XIV, fig. A ; XV, figs. A, B). 
The Tyrrhenian beach contains no implements. There is, however, 
an interesting occupation site on the 60-foot (Main Monastirian) 
level, the Cotte a la Chdvre (fig. 61 ; pi. XIV, fig. B). 

IVhen investigating the cave in 1938, I obtained an untouched 
section close to the east wall. Earlier excavations (Sinel, 1912, 1923 ; 
Marett, 1911) have disturbed most of the deposit, since the presence 
of huge boulders prevented the digging of proper trenches. The 
section is reconstructed in fig. 61. \^Tiilst the view has been held 
that the lower part of the implementiferous layer (3) was sterile, 
it is now established that the worked flints occur throughout this 
layer in a peculiar manner. The layer is interrupted by large 
boulders, some measuring several feet, which rest in the underlying 
beach sand and pierce the whole section. The grey horizon (3) con- 

' The form of tliis statement is necessitated by our chronological approach. 
From tlie tj-pological point of view, France should be regarded as the standard 
region, and tribute be paid to the French workers who have been able to dis- 
entangle the industrial succession often without the conception of a detailed 
climatic chronology. 
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tains flints right dow*n to the surface of the beach sand which itself 
is sterile. Flint chips arc especially numerous near some of the large 
boulders, and many were found in a vertical position in the gaps 
between the boulders. One boulder stood on its narrow edge. This 



no. 01. — Section of the Coltc a In Clifcvrc, Jersey, Channel Islands. (1) Loess 
mixed with granitic grit. (2) Purer loess. (3) 'Whitish-grey clay with numerous 
flint flakes, especially near the boulders. (4) Bed of beach sand, with huge 
boulders penetrating the higher horizons. — Based on records, diagrams, and new 
excavations. 


shows that (a) the boulders were used as anvils and that the cave 
was a workshop, and (b) that the occupation began when the beach 
sand (4) and the boulders were the only deposits. The grey clayey 
layer (8) was formed during the occupation. Tiie obvious conclusion 
to be drawn is that the occupation of the site followed the formation 
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of the beach without a long interval. Typologically, the implements 
are middle to upper Levalloisian. 

The top of layer (3) is stained brown, and probably weathered. 

The higher part of the section is made up of a loess-like loam 
which, in its upper portion, contains granitic grit. Petrologically 
the gritty portion resembles the head found elsewhere in the island. 
According to Sinel, it contained flint flakes, but unfortunately 
vestiges only of the deposit are now left, and the statement cannot 
be checked. 

The importance of the Cotte 4 la Chevre lies in the evidence it 
affords for the following sequence of events : 

(fl) Formation of the deposits of the 60-foot shore-line. 

(6) Recession of the sea, very soon followed by 

(c) occupation by middle or upper Levalloisian man. 

(d) Weathering of the occupation layer under a temperate 
climate, followed by 

(e) deposition of loess and head under cold conditions. 

There cannot be any gap worth speaking of between the beach 

deposit and the occupation. On the other hand, the phase of 
occupation was followed by a period of weathering indicating pro- 
longed interglacial conditions. Since, altimetricaUy, the beach 
deposit belongs to the Main Monastirian phase, the middle or upper 
Levalloisian of this site has to be assigned to the earlier half of the 
Last Interglacial. 

Cotte de St. Brelade (Levalloisian). The cave called Cotte de St. 
Brelade has become known for the discovery of thirteen isolated 
teeth of Homo neanderthalensis (Keith and Knowles, 1912). This 
site has been patiently excavated by Dr. R. R. Marett for many 
years (1911, 1916). Thanks to his great kindness I was enabled 
in 1938 to study the site and to carry out some excavations in order 
to try to find geological evidence for the age. My results have 
been recorded elsewhere in detail (Zeuner, 1940, pp. 10-13), so that 
it suffices here to give a short summary. Contrary to the widely 
held view that the deposits of this cave rest on the Main Monastirian 
beach, no beach deposits were found. If there is one at all, it must be 
below 50 feet O.D. It is likely that this fissure cave is older than 
the Monastirian, since it contains a loess which, being covered by 
interglacial deposits, has to be regarded as an Older Loess, and not 
younger than the Penultimate Glaciation. The overlying inter- 
glacial beds of clay and sand have yielded a temperate flora and 
fauna, including Elephas cf. antiquus and a Middle Levalloisian 
industry. They are covered by a Younger Loess, with hearth 
levels, remains of Neanderthal man, a late Levalloisian industry 
(YI-VlI) and a cold fauna. No further subdivisions can be made, 
but it is difficult to interpret this section otherwise than by regarding 
the Younger Loess as that of the first phase of the Last Glaciation 
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and the interglacial deposits ns those of the Last Interglacial. The 
Cottc de St. Brelade, therefore, does not provide information about 
the relation of the industries to the sca-lcvcls, hut it tells us that 
during some time of the Last Interglacial, middle Lcvnlloisian man 
lived in Jersey (confirming Cottc a la Chii\Te), and that llmno 
neandaihalensis, with a final Lcvnlloisian, lived during the loess 
phase of the LGlf This association of Lcvnlloisian nith Neanderthal 
man, always assumed to be correct, is known as a fact from this 
site only, except for the Lcvalloiso-Moustcrinn of the Tnbun cave 
at Mount Carmel, Palestine. Sec Note (28), p. 420. 

Flint implements in 25-foot shore-line of Jersey. Flint implements 
have further been found in sections comprising the 25-foot bench 
(Late Jlonastirian). At Bclcroute Bay, flakes were found tn situ at 
the base of the head lying on the pebble bed, by Mourant and Mrs. 
Hawkes (1939), and an almost unworn hand-axe, presumably derived 
from the same horizon, lay on the Recent beach. Another, more 
interesting, set comes from Petit Portelet, tlie north side of the 
neck connecting Jlont Orgueil (Gorcy Castle) with the main island. 
A shingle deposit rests on the platform of the 25-foot beach and is 
covered by head and loess-like loam. About 10 specimens with a 
white patina have been recovered and are preserved in the Iduscum 
of the Socidtd Jersiaisc, and Dr. Mourant kindly informed me that 
some were found in situ in the upper part of the section. The 
patina is indeed that of specimens embedded in loess. Some, 
however, are in a rolled condition and must have been picked up on 
the modern beach. Four of the specimens arc interesting from the 
typological point of view. One of them (coll. Watson) is almost a 
blade. It is about 8’5 cm. long and 2-3 cm. wide and of a triangular 
cross-section. The platform is flat, and its angle 90°. One edge is 
retouched. This specimen could be upper Palaeolithic, or older. 
A second specimen (coll. Watson) is a thin flake, 7 cm. long and 
8-5 cm. wide. It is chipped so as to form a broad oval. Its bulb 
end is very thin, and one surface is covered with scars suggesting 
that it was struck from a carefully prepared core. 

Two further specimens (coll. Lawson), both about 8-5 cm. wide, 
and respectively 5 and 6-5 cm. long, are worn, but at least one of 
them shows a prepared striking platform. The last tlirec specimens 
mentioned suggest that the industry is Lcvnlloisian (or possibly 
Mousterian), and certainly not upper Palaeolithic. The middle 
Palaeolithic thus proves to have survived the Late Monastirian 
shore-line in Jersey as elsewhere. 

Portugal. The distribution of Palaeolithic industries over the 
successive phases of the Pleistocene, as evidenced by river terraces 
and fossil shore-lines, has received much attention in Portugal. A 
large number of papers have been published on the subject since 
1940, mostlj^ by Breuil (whose •vdsit to Portugal appears to have 
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stimulated research), Teixeira and Zbyszewski. The importance of 
this -work lies in the eonfirmation it provides of the Pleistocene 
suceession of high sea-levels, in the information it supplies of the 
relative age of a number of Palaeolithic industries, and in the exten- 
sion it renders possible of the relative chronology of the Pleistocene 
in the direction of West Africa. The sequence of events is shown 
in the table (pp. 180-I8I), according to Breuil and Zbyszewski 
(1942, 1945) for southern Portugal, and to Teixeira (1946, 1948) for 
the northern part of the country. 

It must be kept in mind, however, that the altimetrie levels of 
the beaches have not yet been determined accurately. Most of them 
are estimates within 5 metres or so and based on heights of platforms 
of abrasion. Some, therefore, may be too low. Owing to this 
difficulty, the duplication of the Monastirian shore-line (which the 
Portuguese authors call Grimaldian) has not yet been noticed. It 
appears to be present, however, in the Grotte de Furninha (Breuil 
and Zbyszewski, 1945, p. 7), where a cave has been carved out at a 
level of about 15 metres above present sea-level, whilst marine 
deposits covered by deposits containing land fauna and a mousterioid 
industry suggest a sea-level in the neighbourhood of only 6 metres. 

It should be further noted that Abbevillian is reported from the 
Sicilian beach (Breuil, Vaultier and Zbyszewski, 1942). The speci- 
mens which are rolled, wind abraded and patinated, were found in 
gravel deposits and may well date from the period of regression 
which followed the Sicilian, since deposits on marine platforms are 
usually formed, not during the high-level phase, but when the sea 
is receding. Even so, however, these Abbevillian specimens would 
be as old as the Early Glaciation. 

The Languedocian (see table) is a variety of the Clactonian, 
preceding the true Mousterian in the region of the Garonne (Langue- 
doc), hence the name, given by Breuil (1932, p. 131). 

Morocco. The pioneer work of Lecointre and Bourcart on the 
succession of ancient shore-lines in Morocco, and their correlation, 
both with continental deposits and prehistoric industries, has been 
followed up by Neuville and Ruhlmann (1941), Choubert (1946/), 
with valuable results. Four major transgressions of the sea have 
been distinguished, the earliest up to 100 metres above present sea- 
level, and correlated with the Sicilian stage, both on faunal and 
altimetrie evidence, followed by the Milazzian level of 55-60 metres, 
the Tjorhenian of 25-30 metres, and the Monastirian approximately 
12-15 metres. The subdivisions of the Monastirian have been 
recognized by Gigout (1949). There are suggestions of an 18-20- 
metre level described by Lecointre (1926, p. 78) at Roches Noires, 
and that of 5-8 metres is the Ouljien of Gigout. Neuville and 
Ruhlmann emphasize the independent character of the Milazzian 
stage, whieh Gignoux attached to the Sicilian on palaeontological 
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grounds, and the ancient shore-lines arc horizontal, indicating that 
no major tectonic movements have taken place, at least in the 
areas studied in detail. 

The sequence is summarized in the table, p, 180, and compared 
with the Portuguese one which it resembles. The industries arc 
csscntiall}' the same as found in the eorresponding intcrglacials in 
Europe, with local variations. Slost interesting is the appearance 
of a Clacto-Abbevillian in the regression between the Sicilian and 
the MUazzinn, i.c. about the time of the Early Glaciation, according 
to Neuville and Ruhlmann. As in Portugal, so in Jlorocco, con- 
firmation of this early appearance of the Abbevillian is desirable. 
Choubert (19-lCc) considers on the evidence of inland deposits that 
the Moroccan Abbevillian is of Jlilazzian age. The industrj’ described 
by Neuville and Ruhlmann is typologically interesting (Zeuner, 1948) 
as it comprises, apart from Abbevillian hand-axes, core tools with 
a triangular cross-section reminiscent of East Anglian rostro-carinates. 
Similar tjqics are known from corresponding typological stages in 
East Africa. Furthermore, the industrj’ comprises flake-tools made 
in the Clactonian stj'le. Remains of an archaic Neanderthal man 
have been found at Rabat (see p. 298). There is no doubt that 
Morocco is destined to play an important part in the linking of the 
European Pleistocene and Palaeolithic with the South and East 
African. (See also Ruhlmann, 1951.) 

D. PALAEOUTUIC OF BniTAlN 

The scarcity of loess sections in Britain has the deplorable 
consequence that geological dating of Palaeolithic sites is possible 
only in a small minority of eases. Owing to their westerly position 
the British Isles had, throughout the Pleistocene, a relativelj’ more 
oceanic climate than the continent of Europe. This fact is clearly 
expressed in the cold phases by the prevalence of solifluction over 
wind-borne deposits. 

Furthermore, this climatic factor, combined with the multiplicity 
of ice-centres and the present geographical isolation of the Britisli 
Isles have rendered difiicult the establishment of the succession 
of climatic phases and the subsequent correlation with the Con- 
tinental succession. Both these objectives have been brought nearer 
to attainment in recent years, largely owing to research carried out 
in East Anglia (where the morainic country resembles north Germany 
in many respects) and in the lower Thames (where the eustatic 
fluctuations of the sea-level can be discerned). 

In our attempt to establish a clu-onology of the British Palaeo- 
lithic, we have therefore to concentrate our attention chiefly on 
these two areas. But even here, the number of Palaeolithic sites 
which can be dated on geological evidence is small, and the reader 
is likely to be disappointed when he discovers that such famous 



183 


PAI.AEOLITHIC OF TEMPERATE EUROPE 

localities as Hoxne and High Lodge in East Anglia are not described 
or fitted into the detailed chronology. Fortunately, some sites 
which are of first-rate importance in the chronology of the European 
Palaeolithic, such as the pre-Abbevillian sites of the Ipswich, Norwich 
and Cromer districts, and Clacton-on-Sea, as the type site of the 
Clactonian, can be dated fairly closely on geological or palaeonto- 
logical evidence. 

East Anglia, climatic succession. East Anglia occupies a promi- 
nent place in the chronology of the Palaeolithic, largely as the 
result of J. Reid Moir’s labours. It is to him that we owe the 
discovery of great numbers of pre-Abbevillian flints in sections which 
can be dated within the detailed relative chronology. Many workers 
regard these as human implements. 

The general suceession of climatic phases in East Anglia has 
been discussed many times over. Following petrological work on 
moraines at Cromer by Solomon (1932), it has become reasonably 
certain that two great iee-sheets {North Sea Drift and Great Chalky 
Boulder Clay) passed over Norfolk into Suffolk, and that possibly 
a third, somewhat smaller one {Little Eastern), followed. The latest 
evidence of glaciation is the Hunstanton Boulder Clay, of an ice- 
sheet which only just touched East Anglia in the north-east. 

The correlation with the Continental succession (Boswell, 1936 ; 
Zeuner, 1987, 1944) is suggested by palaeontological evidence for 
the age of the Cromer Forest Bed as Antepenultimate Interglacial, 
by the relative intensities of the glaciations, and other evidence. 

In the Cromer and Norwich districts, the vast ice-sheet of the 
North Sea Drift Glaciation, partly of Scandinavian origin, is evidenced 
by part of the Cromer Till and by the Norwich Brick Earth. It was 
followed by an interglacial (represented by the Corton Sands), a 
second great glaciation (Great Chalky Boulder Clay), and one or 
more later and smaller ice-sheets. This sequence resembles closely 
that of Elster, Saale, and later glaciations in north Germany (Zeuner, 
1937 ; 1944, p. 114). It suggests an Ekter age for the North Sea 
Drift, and this is confirmed by the palaeontological evidence for 
the age of the Forest Bed which underlies it. (Note (29), p. 420.) 

The Cromer Forest Bed, which is a fluviatile-estuarine deposit, 
caps the series of the East Anglian Crags, mostly marine shore 
deposits which, for a long time, were regarded as Plioeene. But, 
as Boswell (1936, p. 151) pointed out, even if one follows Lyell’s 
original classification, based on the percentage of living and extinct 
mollusca, the Red Crag and all the later Crags have to be placed 
in the Pleistocene.^ In fact, since Ray Lankester in 1912 suggested 
that the Crags should be considered of Pleistocene Age, this view 
has been substantiated again and again. In particular, Lankester, 
and after him Moir, have persistently claimed that the later Crags 
* Only the Coralline Crag may have to be left in the Pliocene. 
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correspond to the Early Glaciation (‘ GQnz ’). It can even be 
shown that two sudden inereascs in the number of arctic shells, in 
the Xewer Red Crag ^ and in the ^Veybourne Crag, indicate the two 
phases of the Early Glaciation (Zeuner, 1937, p. 14S). 

The basement beds of the Crags and their implements. At the 
base of the Crags, in nearly cverj* section, a detritus bed occurs 
{basement bed, Bone Bed), about one to three feet thick, consisting 
of coarse flints and fossils of various ages from the London Clay 
up to the time when the bed was formed. It is a marine basement 
formation and likely to antedate the overlying Crag Beds but 
slightly, being simply the first deposit laid down when the formation 
of the coastal deposits began. Thus, there is a basement bed beneath 
the middle Red Crag in the Ipswich district of Suffolk, one that 
underlies the Norwich Crag in the Norwich district of Norfolk, and 
one that is found in the Cromer district of Norfolk beneath the 
Weyboume Crag and the Forest Bed. These basement beds may 
be continuous, merging into each other, but their ages are not the 
same, that below the Red Crag being the earliest, and that below 
the Weyboume Crag and the Forest Bed the latest. 

Bed Crag {Ipsvician). Nevertheless, the basement beds being 
due to wave action, they contain pebbles, fossils and ‘ artifacts ’ 
derived from land-surfaces and the destruction of earlier deposits. 
As regards the implements, this question has been studied by Reid 
Moir, especially for the Ipswich area (Moir, 1935) where lie dis- 
tinguished five groups of implements, group I being heavily rolled 
and patinated, and group V almost fresh. To these ‘ sub-Crag ’ 
implements has to be added the industrj' of Foxhall Hall near 
IpsOTch (not to be confused with the much later site of Foxliall 
Road in Ipswich), where two horizons with implements were found in 
situ in the Red Crag. This series of primitive flake implements and 
rough core implements among which the rostro-carinate is typical 
may, for convenience’ sake, be referred to ns the Ipsvician stage 
(see p. 185). Boswell (1936, p, 153) has carried further the analysis 
of these ‘ implements ’ which, however, are not generally accepted ns 
human artifacts. Among the workers who regard them as the result 
of natural processes are Haward (1919) and Warren (1940). 

Classifying these flints according to geological horizon and degree 
of rolling and patination, the Foxliall Hall series is clearly the latest ; 
it fixes the upper limit of the Ipsvician in the middle Red Crag, 
so far as our evidence goes. The specimens recovered from below 
the middle Red Crag (many from the Bramford Pit ; Boswell 1927, 
pi. i) can, following Moir and Boswell, be classified ns follows. 

1 Professor P. G. H. Boswell lias pointed out to me that when he was working 
with Harmer, tlie latter always emphasized tliat tlie ‘ nortlicmers ’ began to 
arrive, ns individuals, in the O.aklcy Horizon of tlie Older Red Crag. It is 
coneeivable, therefore, that part of tlie Older (Waltonian) Red Cnig might have 
to be added to EGI,. 
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Group V cannot be later than the middle Red Crag or, in the detailed 
chronology, the first phase of the Early Glaciation. Group W, 
■which is patinated, -would be somewhat earlier than this, and the 
others, especially groups I and II, which constitute 90 per cent, of 
the kno-wn material according to Boswell, are heavily rolled, striated 
and patinated and may well be considerably older than Group V, 
though how much older we are unable to judge. Thus, if Moir’s 
claims as to the artifact character of these flints can be substantiated, 
it becomes probable that tool-making man lived before the Early 
Glaciation, though there is no need yet to follow Moir in tracing man 
back to the upper Miocene. Thus, Moir has the great merit of 
having shown, by his discoveries below the Red Crag of Suffolk, 
that man may date back to the Villafranchian, Sicilian and possibly 
Calabrian phases. Within the last two or three years, this suggestion 
has been corroborated by the finds of primitive industries in and on 
beaches in Portugal and Morocco, which are regarded as Sicilian. 

Nonoich Crag {Norvician). In the basement bed of the Norwich 
Crag which, in the detailed chronology, has to be placed in the inter- 
stadial EGlj/a, many ‘ implements ’ have been found (Clarke, 1906 ; 
1911 ; Lankester, 1914 ; Moir, 1927, 1980 ; Sainty, 1929). Beside 
numerous flakes, they include a small number of rostro-carinates, 
and a rather large number of primitive hand-axes. On the whole, 
this assemblage looks advanced compared with the Ipsvician to which 
it is closely related. Moir (1930) regarded it as comparable with 
the early Abbevillian, chiefly on the evidence of the rough hand-axes. 
This ‘ industry ’ has been called Icenian by Ray Lankester, and 
Icenian II by Leakey (1934), but Boswell (1936) pointed out that 
this term, which is the geological term for the Norwich, Chillesford 
and Weybourne Crags, is apt to be misleading. This is the more 
so since Leakey called the Ipsvician ‘ Icenian I thus extending the 
archaeological term to the earlier Crag to which the geological term 
does not apply. It seems advisable, therefore, to use another word 
to designate the Norwich Crag industry. Norvician may be suitable. 

As an example of a section which has yielded Norvician specimens, 
that from Thorpe, near Norwich, excavated by Sainty (1929) is 
reproduced here (fig. 62). 

Weybourne Crag and Forest Bed {Cromerian). The third district 
where supposed implements have been found in a Crag bed is that 
of Cromer, on the north coast of Norfolk. This is the youngest 
of the series. The basement bed rests, as usual, on Chalk and 
is in places covered by the Weybomrne Crag, which was deposited 
dining EGlj, 

The basement bed continues beneath the Forest Bed (ApIgl) 
in close proximity to the Weybourne Crag (Sainty, 3 929 ; Moir, 
1930, p. 222). It is very unlikely that the stone beds seen beneath 
the Weybourne Crag and that seen beneath Forest Bed deposits 




no. G2.-Scction of Nonvich Crag at Thorpe, ,^“4?'''’ 

excavalcd by Mr. Sainty.— Kcptoduccd ■vviUi permission, from Samty (10.0). 
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are different formations. Now, it is easy to understand that a 
transgressive basement bed was formed beneath the marine Wey- 
bourne Crag, but it is difficult to see bow a precisely similar formation 
could develop at the bottom of a river or estuary such as that of 
the Forest Bed. Since Clement Reid (1882, p. 8) it has been known 
that the Forest Bed does in places overlie the Weybomne Crag. 
The Forest Bed series therefore appears to be the filling of a river 
bed cut into the Weyboume Crag down to the level of the basement 
bed. On this view, the stone bed at the base of the Forest Bed 
deposits is the Weybourne Crag basement bed. 

The continuity of the stone bed and the close association of the 
Weybourne Crag and the Forest Bed in the cliffs at Cromer have 
induced Sainty (1929) to hold the view that these two deposits 
are quasi-contemporaneous and indicate a regime of shifting river 
and coastal deposits like bars and beaches. If the interpretation 
given in the preceding paragraph is accepted, however, there is 
no need to go to this length, and the palaeontological difficulty that 
the marine fauna of the Weybourne Crag is cold, and the terrestrial 
fauna and flora of the Forest Bed warm, is obviated. 

This problem of the precise age of the Stone Bed at Cromer has 
some bearing on the dating of the Cromerian industry. If the 
stone bed of Cromer is the basement bed of the Weybourne Crag 
everywhere, then all the implements recovered from it must be 
regarded as dating from the second phase of the Early Glaciation. 
This view is preferred here, for the reasons given. If, however, 
the stone bed beneath the Forest Bed is regarded as dating from 
the beginning of Forest Bed times, or if Forest Bed and Weybourne 
Crag are considered simultaneous deposits and dated on the mam- 
malian fauna of the Forest Bed, the implements would belong to the 
Antepenultimate Interglacial. 

Cromerian implements. Apart from the geological considerations 
just outlined, there is a typological argument which supports the 
Weybourne Crag age of the implements. It has been pointed out 
by Moir, Sainty and others, that the Crag industries form an evolu- 
tionary series, from the primitive Ipsvician of the Red Crag (and 
earlier times) through the Norvician of the Norwich Crag to the 
Cromerian of Cromer. 

The Cromerian ‘ industry ’ (Moir, 1924, 1921-4) is particularly 
well-known from the so-called ‘ foreshore site ’, a flint spread exposed 
at low-water. There are two kinds of flints here, one having the 
characteristical oehreous or brown patina of the stone bed. This 
site appears to be the residue of the stone bed resting on Chalk, 
broken up by the modern sea. These implements are rmusually 
heavy, and Jloir has repeatedly drawn attention to the difficulty 
modern man would encounter when using these flakes. The same 
applies to some of the implements found in situ in the stone bed. 




no. C2. — Section of Norwich Cmg nt Thorpe, near Norwich, Norfolk, 
excavated by Mr, Sainty.— Reproduced tvith permwsion, from Sainty (1020). 
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are different formations. Now, it is easy to understand that a 
transgressive basement bed was formed beneath the marine Wey- 
boume Crag, but it is difficult to see how a precisely similar formation 
could develop at the bottom of a river or estuary such as that of 
the Forest Bed. Since Clement Reid (1882, p. 8) it has been known 
that the Forest Bed does in places overlie the Weybomne Crag. 
The Forest Bed series therefore appears to be the filling of a river 
bed cut into the Weybourne Crag down to the level of the basement 
bed. On this view, the stone bed at the base of the Forest Bed 
deposits is the Weybourne Crag basement bed. 

The continuity of the stone bed and the close association of the 
Weybourne Crag and the Forest Bed in the cliffs at Cromer have 
induced Sainty (1929) to hold the view that these two deposits 
are quasi-contemporaneous and indicate a regime of shifting river 
and coastal deposits like bars and beaches. If the interpretation 
given in the preceding paragraph is accepted, however, there is 
no need to go to this length, and the palaeontological difficulty that 
the marine fauna of the Weybourne Crag is cold, and the terrestrial 
fauna and flora of the Forest Bed warm, is obviated. 

This problem of the precise age of the Stone Bed at Cromer has 
some bearing on the dating of the Cromerian industry. If the 
stone bed of Cromer is the basement bed of the Weybourne Crag 
everywhere, then all the implements recovered from it must be 
regarded as dating from the second phase of the Early Glaciation. 
This view is preferred here, for the reasons given. If, however, 
the stone bed beneath the Forest Bed is regarded as dating from 
the beginning of Forest Bed times, or if Forest Bed and Weybourne 
Crag are considered simultaneous deposits and dated on the mam- 
malian fauna of the Forest Bed, the implements would belong to the 
Antepenultimate Interglacial. 

Cromerian implements. Apart from the geological considerations 
just outlined, there is a typological argument which supports the 
Weybourne Crag age of the implements. It has been pointed out 
by Moir, Sainty and others, that the Crag industries form an evolu- 
tionary series, from the primitive Ipsvician of the Red Crag (and 
earlier times) through the Norvician of the Norwich Crag to the 
Cromerian of Cromer. 

The Cromerian ‘industry’ (Moir, 1924, 1921-4) is particularly 
well-known firom the so-called ‘ foreshore site ’, a fiint spread exposed 
at low-water. There are two kinds of flints here, one having the 
characteristical ochreous or brown patina of the stone bed. This 
site appears to be the residue of the stone bed resting on Chalk, 
broken up by the modern sea. These implements are tmusually 
heavj', and Moir has repeatedly dranm attention to the difficulty 
modern man would encounter when using these flakes. The same 
applies to some of the implements found in situ in the stone bed. 
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for instance to a giant hand-axe from Shcringlmm (Moir, 1034), 
found by J. P. T. Burchell, vrhich M-cighctl over 14 lbs. Moir there- 
fore thinks that the makers and users of these implements must 
have been of a more powerful build than modem man, and he recalls 
in this connexion the Heidelberg jaw which is indeed remarkably 
massis'c. 

The Cromerian industry* is more advanced than the Norvician, 
especially in the greater indindualitj* of the tools. Rostro-carinates 
have become rare, and the hand-axes arc decidedly of an early 
Abbevillian type. Yet the majority of the tools arc made from 
heavy flakes which give the industry its distinetive character. 

Returning to the question of chronology, the Antepenultimate 
Interglacial of northern France is known ns the time of the typical 
Abbevillian. Since the Cromer Forest Bed is of the same inter- 
glacial, it is more reasonable to assign its early Abbevillian to a 
somewhat earlier phase. In fact, primitive Abbevillian specimens 
are now claimed to occur in Sicilian, i.c. pre-Early Glaciation 
deposits. These typological considerations — which should not be 
regarded as conclusive clironological arguments — lend support to 
the s’iew that the stone bed of Cromer is slightly older than the 
Antepenultimate Interglacial. Its assignment to the base of the 
Weyboumc Crag (EGIj), therefore, frees the industrial succession 
from a slight regional discrepancy which otherwise would have to 
be accepted. 

Crag industries, summary. The Ipsvician, Norvician and Cromerian 
are industries in which flake tools predominate, although core tools 
did play some part. These include rostro-carinates, and hand-axes. 
Moir has shown that the former type is possibly ancestral to the 
latter in the technical sense, though they occur together both in 
the Norvician and the Cromerian, While the rostro-carinates prac- 
tically disappear with the Early Glaciation, the primitive hand- 
axes develop into the well-known Abbevillian hand-axes. Moir and 
most other workers regard these core-tools as integral constituents 
of the industries with which they are found, so that flakes and 
cores were utilized simultaneously. But Leakey (1934) regards the 
rostro-carinate — hand-axe series as a different culture, to which he 
applies Jloir’s term, Pre-Chcllian. Geological c\idcnce from the 
sites so far does not support this separation. 

Forest Bed and Cromer Till. On the basement bed, which we 
ascribe to the Weybourne Crag, rests the Forest Bed series in those 
places where the Weybourne Crag deposits have been removed by 
fluviatile erosion. The Forest Bed series consists of a Lower Fresh- 
water Bed, Estuarine Gravels, and an Upper Freshwater Bed. Both 
the Estuarine Gravels and the Upper l^eshwatcr Bed have yielded 
artifacts, but these are very rare and not susceptible of cultural 
classification (Moir, 1930). Their presence, however, is of some 
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importance since Mr. Sainty was fortunate enough to find a beautiful 
Abbevillian hand-axe in the Cromer Till, the ground moraine which 
covers the Forest Bed series and contains much material derived 
from the latter (Moir, 1923). Since man cannot have lived on the 
spot while the ice was there, it must be assumed that this hand- 
axe was picked up by the ice, conceivably from the Cromer Forest 
Bed. Since the Cromer Till represents the Antepenultimate Glacia- 
tion, and probably its second phase, this Abbevillian specimen 
testifies to the presence of Abbevillian man during the Antepen- 
ultimate Interglacial or, at the latest, the first phase or the inter- 
stadial of the Antepenultimate Glaciation. (Note (31), p. 420.) 

PenuUimate Interglacial {Runionian). The later deposits of East 
Anglia merely confirm the datings of industries obtained on the 
Continent. In the marine sands which intervene between the two 
great glaciations of Norfolk, at Runton near Cromer and at Corton, 
on the coast not far from Norwich, Moir and Baden-Powell found 
implements which they describe as an industry consisting mostly 
of small flakes (Moir and Baden-Powell, 1938 ; Baden-Powell and 
Moir, 1942). The specimens are mostly unrolled, and Moir says 
that, ‘ by reason of the prevalence on the flakes of plain unfacetted 
striking-platforms,’ they ‘ may perhaps be assigned to an early 
Clactonian industry ’ (Baden-Powell and Moir, 1942, p. 217). The 
age of these sands has been determined as the interglacial between 
the North Sea Drift and the Great Chalky Boulder Clay by Baden- 
Powell, i.e. our Antepenultimate Interglacial. Clactonian is char- 
acteristic of this interglacial in the Thames valley as in northern 
France. For the Acheulian of Hoxne, see Note (30), p. 420. 

Last Glaciation, first phase. Although East Anglia is not devoid of 
Acheulian and Levalloisian or Mousterian, none of these industries 
has been found in a position in which unambiguous geological 
dating is possible. The difficulty is caused by the so-called Little 
Eastern Glaciation, an ice-sheet of smaller dimensions than the 
two preceding ones, the limits of which and the chronological affinity 
of which are not yet decided. It occupies in many ways a position 
comparable with that of the Warthe Glaciation of north Germany 
(Zeuner, 1937 ; 1944, p. 107). A ground moraine called Upper 
Chalky Boulder Clay is believed by many workers to be the deposit 
of this phase, which was given the name. Little Eastern Glaciation, 
by Solomon. This moraine, however, has not yet been found in a 
section overlying the two older moraines ; its independence has 
been suggested by the combination of certain sections with two 
boulder clays, some of which are supposed to contain the North 
Sea Drift (or an equivalent moraine) plus the Great Chalky Boulder 
Clay, others the Great Chalky Boulder Clay plus Upper Chalky 
Boulder Clay. This method of correlation is full of pitfalls, as has 
been shown elsewhere (Zeuner, 1945, p. 109). If the independent 
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existence of the Upper Chalky Boulder Clay can be cstablislicd, 
it •would, in the detailed chronology, correspond to the first phase 
of the Last Glaciation. (See Note (31), p. 420.) 

A site of great potential importance is Elveden, in the Brcckland 
on the Cambridgcshire-Norfolk border. It 'Nvas excavated by Pater- 
son and Fagg (1940). Their fig. 3 shows a section (their section C), 
in -which two boulder clays occur, and between them deposits con- 
taining an industry described as ‘ Upper Clactonian-Achcul ’. The 
two boulder clays are regarded as the Great Chalky and the Upper 
Chalky Boulder Clays, and Paterson, in 1939, correlated the upper 
one, though with a question mark, with the first phase of the Last 
Glaciation. Paterson holds the view that there is a third, oldest 
boulder clay in the area, corresponding to the North Sea Drift 
Glaciation. 

Last Glaciation, Hunstanton Boulder Clay {upper Palaeolithic). 
The last event in the glacial historj' of East Anglia is the arrival 
of an ice-sheet which only just touched the north-west coast, where 
it left a very characteristic brown boulder clay, the Hunstanton 
Boulder Clay. This is identified with the Hcsslc Boulder Clay of 
Lincolnshire, and both are part and parcel of the Newer Drift Glacia- 
tion which, on all available evidence, is the chronological equivalent 
of the Weichsel Phase of the Scandinavian ice-sheet (LGlj). 

At the base of, and scattered throughout, this boulder clay, 
‘ implements ’ of upper Palaeolithic facies have been found. Jloir 
reported them from the Hunstanton area of Norfolk, and Burchcll 
from below the uppermost boulder clay in Yorkshire (Moir and 
Burchell, 1930). Additional evidence was brought forward by Moir 
in 1981. Although the ‘ implements ’ arc not typical enough to assign 
them to a substage of the upper Palaeolithic, Moir is inclined to 
regard them as upper Aurignacian. Their occurrence in genuine 
Hunstanton Boulder Clay seems to be well established, and Jloir 
rightly concludes that upper Palaeolithic man lived here, or farther 
north, before or while the ice of this glaciation was spreading. 
Provided the specimens prove to be genuine artifacts, upper Palaeo- 
lithic was present during the advance of LGlj. It will be remembered 
that, in northern France, upper Lcvalloisian survived into this phase, 
and it nill be interesting to see whether such survival did occur in 
other parts of England (p, 201). 

This concludes the rapid sur\'ey of the chronology of the East 
Anglian Palaeolithic, We shall now consider the lower Thames, 
where sites are available which, at least in part, fill the middle 
Pleistocene gap of the East Anglian succession. 

The Lozeer Thames valley. The most important sections are 
crowded in a small area at Swanscombe, near Gravesend. The 
discovery by Marston (1938) of a skull fragment of a Homo cf. sapiens, 
led to the subsequent investigation of the site by a committee 
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(Swanscombe Committee, 1938, report by Hinton, Oakley, Dines, 
King, Kennard, Hawkes, Warren, Cotton, Le Gros Clark and Morant). 
This site is the Barnfield Pit at Swanscombe ; it may here be taken 
as the starting point for oiur chronology. The section is composed of : 

Swanscombe, Kent {Clacionian and Acheulian). 

(F) ‘ Upper Gravel,’ a solifluction deposit with a clayey matrix. 
(E) ‘ Upper Loam.’ Decalcified, sandy loam, with a contem- 
porary wedge of a sludge deposit. Contains white-patinated 
Acheulian hand-axes. Smface at 110 feet O.D., concluding 
the eustatic aggradation of the river to the Tyrrhenian sea- 
level. Penultimate Interglacial, probably a late phase. With 
Middle Acheulian. 

(D) Upper Middle Gravel, passing into (E) \vithout break, chiefly 
consisting of clean yellow sand. At its base, in a more 
gravelly layer, the skull was found. Middle Acheulian 
industry. 

( — ) Erosional imconformity. 

(C) Lower Middle Gravel, with Middle Acheulian industry. 

( — ) Phase of weathering of Lower Loam, 

(B) Lower Loam, weathered from above, and with root cavities. 
No implements. 

(A) Lower Gravel, a coarse gravel containing some pebbles of 
quartzite, &c., probably derived from boulder clay. Industry, 
Early Clactonian. 

( — ) Thanet Sand, Eocene. 

The succession from (A) to (D) is later than the glaciation which 
reached the Thames Valley. That this was the Antepenultimate 
Glaciation (ApGlj) can be shown on other evidence in the Thames 
Valley. The siurface of the aggradation agrees, witliin a foot or so, 
with the average height of the 'Tyrrhenian sea-level, so that the 
succession from (A) to (D) can only belong to the Penultimate Inter- 
glacial. The aggradation was interrupted, perhaps only locally, or, 
as suggested for instance by Oakley (1937, p. 253), by a phase of 
general down-cutting, after the Lower Loam was deposited. This 
Hiatus also corresponds to a break in the industrial sequence, since 
Early Clactonian (Chandler, 1930 ; Breuil, 1932) occms in the Lower 
Gravel, and Middle Acheulian in the upper. The resemblance of 
this succession with that of St. Acheul has been mentioned before 
(p. 171). (Note (31a), p. 420.) 

The Barnfield Pit section, therefore, provides us with evidence 
for the Great Interglacial age of the Early Clactonian (stage Clac- 
tonian Ha) and of the Middle Acheulian, the latter following the 
former. Hawkes, in co-operation with Oakley and Warren, made 
a careful study of this Acheulian (Swanscombe Report, p. 30 ff.) 
and found that the industry of the Lower Middle Gravel is an 
Acheulian IH (BreuiTs classification), that the Upper Middle Gravel, 
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though poorer in implements, contains the snme type of indxistrj-, 
and that rare specimens of a more advanced Clactonian (recalling 
the Clactonian III of High Lodge) occur in the Middle Gravel, mainly 
at the lowest levels. Tliis Clactonian seems to correspond, according 
to Oaldcy (Swanscombe Report, p. 5G), fairly closely to the industry 
of Wangen on the Unstrut (p. 148). 

Since, for geological reasons, the aggradation of the Swanscombe 
gravels, in particular of the Middle Gravel up to the Upper Loam, 
is considered as a late episode of tlie Great Interglacial, this section 
suggests that by that time the Clactonian was approaching the 
Clactonian III stage, and tlic Acliculian was still Middle Acheulian, 
No clear evidence for any Lcvalloisian has come foraurd (see, how- 
ever, Warren’s view, Swanscombe Report, p. 47). 

Cladon-on-Sca {Claclonian). The type site of the Clactonian 
industry’ is Clacton-on-Sea, some 45 miles downstream from Swans- 
combe on the coast of Essex, north of the present Thames estuary’. 
Although it cannot be dated on purely’ geological grounds, its fauna 
is ty’pically of the Great Interglacial ty’pe. Archacologically’, it is 
closely related to the Clactonian of the Lower Gravel of Swanscombe, 
but in view of its slightly more advanced nature, recognized already 
by’ Warren, Oakley and Leakey’ (1937) classify it ns Clactonian 116 
and regard the deposit as intermediate between the Lower and 
Jliddle Gravel of Swanscombe. The industry and the site were 
described by’ Warren (1922, 1983), Breuil (1932) and Oakley’ and 
Leakey (1937) ; and further notes on the deposits given by’ Warren 
(1923, 1934), and King and Oakley’ (193C). From the botanical 
standpoint also, Clacton-on-Sea proves to be of Great Interglacial age 
(Pike and Godwin, 1953). 

Dartford Ilealh gravels {derived Abbevillian). If we look for 
evidence whieh might fill the gap between the Clactonian II of 
the Great Interglacial in the Thames Valley’, and the Abbev’illian 
of the Antepenultimate Interglacial (incorporated in the Cromer 
Till) of East Anglia, we have to be content with suggestions drawn 
from derived, rolled and scratched implements. The gravels of 
Dartford Heath, generally held to be contemporary with the Swans- 
combe aggradation, but almost certainly older (Hinton and Kennard, 
1905 ; Zeuner, 1945, p. 267), were apparently aggraded during 
the first phase of the Antepenultimate Glaciation or in the following 
Interstadial. These gravels contain broken and abraded Abbevillian 
hand-axes (King and Oakley’, 1987, p. 59), which cannot be y'ounger 
than these gravels but may well come from the Antepenultimate 
Interglacial. This suggests much the same chronological position 
for the Abbevillian of the Thames area as for that of East Anglia, 
and it agrees with the Apigl age of this industry established in 
the Somme. 

Furthermore, the Clactonian I appears to go into the gap 
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between the Swanscombe deposits and the Cromer Forest Bed series. 
Chandler (1930) and Breuil (1932, p, 150) emphasize that the Lower 
Gravel contains, apart from fresh Clactonian flakes, many which 
are heavily rolled and striated ; Breuil finds appreciable differences 
between the two series and attributes the striation of the derived 
series to solifluction. For this reason, and relying on evidence from 
northern France (p. 168), he classifies the Clactonian I late in the 
Antepenultimate Interglacial, though in England there is no geo- 



no. 63 . — Veiy diagramniatic, and much simplified, section from the Ebbsfleet 
Valley to Swanscombe, Lower Thames, illustrating the sequence of climatic 
phases as suggested by the evidence at present available. 

After the cutting of the bench at Swanscombe, aggradation (in two stages) 
to TjTrhenian sea-level of the Penultimate Interglacial, with Clactonian II and 
early Middle Acheulian. 

Then erosion to low sea-level, and formation of Main Coombe Rock (soli- 
fluction) and of some stream-deposited gravel (Baker’s Hole) in the cold climate 
of the first phase of the Penultimate Glaciation, with early Levalloisian at Baker’s 
Hole. 

Partial removal of the Coombe Rock suggests a slight break in the sequence 
(? interstadial PGl,/,?), which was followed by deposition of cold gravels (Middle 
Levalloisian) and loess (second phase of Penultimate Glaciation). 

Aggradation of river gravels to the Main Monastirian sea-level followed in the 
first part of the Last Interglacial (Upper Gravels at Baker’s Hole). 

Thereafter, the sea-level dropped again, erosion cutting through the Main 
Monastirian gravels and partly the loess series (Burchell’s Ebbsfleet section). 
A new rise of the sea-level (Late Monastirian) brought the aggradation of the 
‘temperate loam’ of Burchell, in the second part of the Last Interglacial. 

This was followed by a further phase, or phases, of down-cutting and soli- 
fluction during the Last Glaciation. 

Finally, the sea-level rose to its present height. 

logical evidence either for this, or a slightly later (ApGl) age. In 
either case, it appears conceivable that the Clactonian I is roughly 
contemporary vdth the Antepenultimate Glaciation, or perhaps the 
later part of the Antepenultimate Interglacial. 

Baker's Hole, near Ebbsfleet, Kent {Early Levalloisian). The 
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aggradation of the Middle Gravels of Swanscombe (Great Intcr- 
glaeial) was followed by a period of erosion and formation of soli- 
fluction deposits of the coombe-roek tj'pe (King and Oakley, 1930, 
p. GO; Dewey, 1932, p. 49; Burchell, 1933). At Baker’s Hole, in 
the Ebbsflect valley close to Swanscombe, a floor of Lcvalloisian 
occurred underneath a coombe-roek (monographed by Smith, 1911). 
This Lcvalloisian, therefore, is earlier than the cold phase evidenced 
by the solifluction. 

The dating of this cold phase is made possible by the deposits 
wliich overlie the coombe-roek in the neighbourhood, and to whicli 
J. P. T. Burchell has paid special attention. The significance of 
the evidence has been given elsewhere (Zeuner, 1930 ; 1945, p. 127 ff.). 
In a few words, Burchell (1933) showed that the main coombe-roek 
antedated the Taplow Terrace aggradation of the Thames which, 
on independent csidencc, proves to belong to the Last Interglacial. 
The coombe-roek, therefore, belongs to one of the two phases of the 
Penultimate Glaciation. Now, the coombe-roek of Baker’s Hole 
(usually called Main Coombe-Rock) is cut into and in part even 
removed down to the Chalk (Burchell, IGSSa, p. 90) and the resulting 
valley filled vnth deposits chiefly of a loessic nature. This second 
erosion and the subsequent deposition of loess suggest a second 
cold phase, and the Main Coombe-Rock thus would represent PGlt, 
and the loess phase, PGlj. (Sec Note (32), p. 420.) 

Ebbajlccl {Middle Lcvalloisian). Burchell was fortunate enough to 
find, in the filling which followed the second erosion, and underlying 
the loess, a gravel with Jliddle Lcvalloisian implements (Burchell, 
1933 ; 1930). This, therefore, must be more or less contemporary 
with the second phase of the Penultimate Glaciation, ns it has been 
found to be in northern France and in Slarkklceberg, though this 
industrial stage apparently lingered on into the Last Interglacial. 

Brandon, Suffolk {Middle Lcvalloisian). The persistence of the 
middle Lcvalloisian is shown, in southern England, by the section 
of Brundon in Suffolk (Sloir and Hopwood, 1939). A flu\natilc 
gravel rests on a boulder clay which is generally regarded as that 
of the second great glaciation of East Anglia ; ^ and it is covered 
by solifluction deposits which are attributed to the Last Glaciation. 
Strictly on geological lines, however, the age of this gravel cannot 
be established, since the number of climatic phases represented 
in the section is insufficient. But the inference to be drawn from 
the geological conditions, namely that the gravel corresponds to the 
Last Interglacial, is borne out by palaeontological evidence. From 
his thorough analysis of the mammals, Hopwood concluded that 

* Note tliat Moir calls It Upper Chalky Boulder Clay, while in the terminology 
of the present book it would be the Great Chalky Boulder Clay. The very confused 
tcrminolog^’ of the East Anglian xnomincs cannot be discussed here (see Zeuner, 
1044, p. 101). 
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Brundon is demonstrably later than the Ilford deposits, and some- 
what later than the Crayford deposits. The latter are predominately 
of Last Interglacial age, though in part they date back to the oess- 
phase of PGlj of Ebbsfleet. This makes Brundon certainly later 
than the Penultimate Glaciation, and therefore, most problably. 
Last Interglacial. 

The industries found mostly come from the gravel. Moir dis- 
tinguishes a land surface at the base of the gravel, but after an 
inspection of the section I am unable to corroborate this view. 
There is no pedological evidence for a land smface, and the ‘ man- 
ganese layer ’ must be included in the basal portion of the gravel. 

The gravel has yielded — 

(a) in a derived, patinated, striated, or rolled, condition : Early 
Clactonian, early Acheulian, ‘ late ’ (middle) Acheulian, Leval- 
loisian I-II (Baker’s Hole type), and some specimens reminiscent of 
High Lodge (Clactonian III) ; 

(b) in a fresh, unabraded and unpatinated condition : a middle 
Levalloisian comparable with that found by Burchell in his Ebbsfleet 
sections. 

This assemblage suggests that, during the episode of the Last 
Interglacial when the Brundon gravels were accumulated, middle 
Levalloisian man was on the scene, and that, in addition to several 
industries already known to us from the Great Interglacial, and the 
Penultimate Glaciation, the Acheulian referred to above and the 
High Lodge Clactonian antedate this middle Levalloisian. Yet, 
since both Acheulian and High Lodge Clactonian implements are 
rare in Brundon, this suggestion must not be taken as an established 
truth. 

Hailing, Medway valley [upper Palaeolithic). The Thames Basin 
does not provide chronological evidence for the change from lower 
to upper Palaeolithic. But there is a site, apparently of upper 
Palaeolithic age, which, in spite of the doubts which have been 
expressed as to the amount of disturbance suffered by the site, is 
of interest. It is Hailing, some miles upstream from Rochester, 
on the Medway, a river flowing into the Thames estuary. In the 
Lower Floodplain Terrace of the Medway, a human skeleton was 
found, together with a small number of flints (Cook and Killick, 
1924 ; Garrod, 1926). This terrace, which has been called the 
Hailing Stage by King and Oakley (1936), is later than the Late 
Monastirian phase, from which it is separated by a period of down- 
cutting. It appears to have been aggraded dmring the interstadial 
LGlj/j (Zeuner, 1945, p. 133). The typological classification of the 
flints is difficult. Some specimens recall the industry of the upper 
levels of the Creswell Crags (Pin Hole and Mother Grundy’s Parlomr, 
see p. 198), but a scraper suggests middle Aurignacian. It is evident 
that the flints found just above the skeleton (top of Cook’s layer 5) 
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nre upper Pnlncolitluc, but whether they arc middle Aurignneian, 
or Crcswcllian, or any other stage, cannot he said with certainty. 
The importance of Hailing lies in the fact that it shows upper Palaeo- 
lithic to have been present during the interstadial LGl, j. It will 
he remembered that Jloir found upper Palaeolithic in tlic boulder 
clay of what appears to he LGl, in East Anglin (p. 100), hut the 
evidence from the Crcswcll Crags is at variance (p. lOS), suggesting 
a survival of Jloustcrian tradition into this phase in Derbyshire. 

High shore-lines hchceen Portsmouth anil Brighton. The chronology 
of the Palaeolithic industries, ascertained so far from the glaciated 
area of East Anglia and from the area of river deposits of the lower 
Thames Basin, is further substantiated by the finds made in the 
benches of the Tyrrhenian and Monastirinn phases on the south 
coast of England. All along the south coast, which appears to 
have been outside the zone of isostntic disturbance, ancient beach 
deposits nre found which can he referred to the TjTrhcninn level 
of 82 metres, the JInin Monastirinn level of 18 metres, and the Late 
Monastirian level of 7*5 metres. Those of the const cast of Ports- 
mouth contain numerous implements. 

Tyrrhenian beach near Chichester {middle to latcAchculian). Fowler 
(1082) described the exposures in the so-called 100-foot beach near 
Chichester. There is a continuous sheet of sand and gravel at 
80-90 feet O.D. (Aldinghournc beach), but in pits at Wntcrbcnch 
and Slindon, marine deposits reach or exceed 130 feet O.D. In 
these pits, marine sand is overlain by reddish, unstratified, clayey 
gravel which has generally been regarded ns a solifluction deposit 
(coombe rock). In Marshall’s pit, Slindon, the sand and the un- 
Btratified gravel arc interbedded to some extent (Oakley and Curwen, 
1987). From this it would appear that, in the final phase of trans- 
gression, the sea was working up some gravel deposit which, per- 
haps, formed a cliff, and when the sea receded from this level, the 
cliff collapsed, or other agents spread the gravel over the abandoned 
Bandy bench. This mode of formation of unstrntified deposits 
(pscudo-solifluction) can be observed in many places along the cliff- 
coast of Essex and East Anglin, the only difference being that 
they do not last but are sooner or later destroyed by the waves. 
The climate during the time of maximum transgression of the 100-foot 
phase, therefore, need not have been cold. 

In the underlying snuds, moreover, a temperate shell fauna is 
found. 

It is difficult to determine the exact height of sea-level to which 
these deposits refer. The SO-90-foot level of Aldinghournc prob.ably 
marks a recessional phase only slightly later than the maximum 
phase (100 feet and over). In the higher complex, the surface of 
the sand lies at 120 feet (SC metres) at Slindon, and at 130 feet 
(89 metres) at lYaterbeach (Fowler, 1982). If one regards the 
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former value as close to high-water mark at the time of maximum 
transgression and makes allowance for the local tidal amplitude, 
the mean water-level of the ‘ 100-foot ’ beach would have been at 
about 33-5 metres. This is a very good approximation to values 
found elsewhere (Jersey, 32-4 metres ; mouth of Somme, 32-8 
metres ; see fig. 46). Waterbeach would then have to be considered 
as an exceptional deposit, perhaps part of the storm beach. The 
mean sea-level, if based on Waterbeach, would have been about 
36-5 metres. 

Implements have been found at the base of the 100-foot beach 
(at Netley an Acheulian ovate), in beach gravel at several localities 
(mid Acheulian hand-axes and early Claetonian), and on the beach- 
sand, but underneath the supposed coombe-rock, at Slindon Park, 
an occupation level of developed middle Acheulian (Palmer and 
Cooke, 1923 ; Calkin, 1934 ; Pyddoke, 1950). Since some imple- 
ments of this level were rolled, the site was occupied when the sea 
still had access to this level. 

It is clear that this beach is the marine equivalent of the 100-foot 
terrace of the Thames at Swanscombe. The archaeological contents 
agree at Swanscombe and at Chichester, but in the latter area the 
so-called ‘ late ’ Acheulian came in at the very end of the period 
of aggradation. There are indications that the same applies to 
Swanscombe also (Hawkes, in Swanscombe Report, p. 45). It must 
be noted, however, that the distinction of ‘ late ’ from middle 
Acheulian is a somewhat arbitrary one, and that a new stage of the 
Acheulian cannot be recognized clearly before the advent of the 
Micoquian. 

A 50-foot level (Main Monastirian) has been distinguished by 
Palmer and Cooke (1923) only, but its existence has been established 
at Portland (Baden-Powell, 1930), and the Selsey mud deposit with 
its warm fauna can be referred to it also (Zeuner, 1945, p. 239). 
No implements have been found in the beach gravels in this 
area. 

Finally, a 15-foot beach is very well developed. At Selsey it 
forms a headland, far distant from the ancient cliff and, conse- 
quently, well below mean sea-level of that time. Locally, however, 
it rises to 28 feet O.D. No implements have been found in it, 

Brighton. The 15-25-foot Late Monastirian level extends almost 
uninterruptedly from Selsey past Bognor to Brighton, where it ends 
in the cliffs of the Black Rock (White, 1924 ; Martin, 1929). The 
marine deposits near Brighton rise locally to 30 feet O.D., and head 
or coombe-rock is commonly found covering them. Apart from 
rolled Acheulian, one Mousterian (?Levalloisian) implement has been 
found in the fossil beach at Brighton, and finds made in the Chichester 
district show that the ‘ Mousterian ’ survived this sea-level of 
15-25 feet (Palmer and Cooke, 1923, p. 278). The same relationship 
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between the Late ilonastirian beach and the ^lonstcrinn (Lcvalloisian) 
industrj' has been established in Jersey (p. 178). 

The exact height of mean sea-level during this phase, at any 
rate at Brighton, is difficult to ascertain. Undercuts arc rare in 
Chalk cliffs, and the coast cast of Brighton is rapidly being eroded 
away. Only at Black Rock can the height of tlic inner edge of 
the platform be measured, but it has not been done yet. But the 
shingle beds of this beach extend to 25 feet above high water mark, 
so that the mean water-level is likely to have been very close to 
7*5 metres, the average for the Late Monastirian phase. 

Thus, the south coast of England affords corroborative cridcncc 
for the middle Acheulian being the industrj’ of the Great Interglacial, 
and for the Mousterian or Lcvalloisian flake industries being con- 
temporarj' with, or even sur\’iving, the Last Interglacial. 

Pin Hole Cave, Cresiccll Crags, Derbyshire {Mousicrian and tipper 
Palaeolithic). The most important site for the chronology of the 
industries of the British Upper Pleistocene is the Pin Hole Cave 
in Derbj’shire. It was excavated bj’ Armstrong (1931 ; 1938; 1939, 
p. 101 ff.). The section is reproduced in fig. 04. 

The strata arc scaled bj’ a stalagmite, above which in a superficial 
earthj’ deposit a temperate fauna was found containing brown bear, 
wolf, badger, pig and red deer. In the undcrlj'ing ‘ red cave-earth ’, 
the fauna is predominatelj’ arctic in the top laj'crs (‘ developed 
Aurignacian ’), cool-temperate in the middle (Font Robert level, 
with Bison, horse, red deer, but also reindeer), and cold in the 
bottom laj’ers (upper Aurignacian and proto-Solutrian, with reindeer, 
mammoth, woollj' rhinoceros, arctic fox, arctic hare. The same 
cold fauna is contained in the C inches of ‘ Moustcrian 8 ’ which 
underlie the proto-Solutrian and which are usuallj’ referred to by 
Armstrong as part of the lower cave-earth, presumablj’ on account 
of its industry, though in his figure they are included in the upper. 
The upper, ‘ red ’ cave-earth rests on a slab-la j’crw’itli an exclusively 
cold fauna, which Armstrong interprets ns the product of frost- 
weathering. This sequence, therefore, suggests an oscillation of 
the climate from cold through moderately temperate (though the 
reindeer persists 1) to cold and, after the formation of the stalagmite, 
followed by temperate conditions which presumably rcpi'csent the 
Postglacial. 

I am not inclined to attach so much climatic importance to the 
covering stalagmite as is done by Armstrong, since this is apparentlj’ 
due to the cave ha-v’ing become increasingly damper in consequence 
of the gradual blocking of the exit bj' the deposits. The stalagmite 
in part penetrated the top of the cave-earth, and thus incorporated 
some of the cold fauna of the latter. This difference of opinion, 
however, does not affect the climatic sequence. 

The lower part of the section (Armstrong’s ‘ j'ellow cave-earth ’) 
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is subdivided by another slab-layer into an upper and a lower 
portion. The upper yellow cave earth again shows a ‘ moderately 
warm ’ oscillation in the middle (with ‘ Mousterian 2 ’), established 
on faunal evidence. It is cold above and at the bottom, which 
indicates the transition from the cold conditions of the lower slab- 
layer to the more temperate conditions of the upper yellow cave 
earth, and again back to the cold conditions of the upper slab- 
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layer. The lower slab-layer contains an arctic fauna, and so docs 
the uppermost portion of the lower yellow cave-earth. This part of 
the section, therefore, adds a third, and earliest, cold phase to the 
sequence. 

The lower yellow cave-earth has a fauna containing horse, bison, 
giant deer, lion, &c., described as moderately warm.* It contains 
a Mousterian industr 3 ' (‘ Mousterian 1 ’). 

The obvious ehronologieal interpretation of this scetion was 
given by Armstrong, when he assigned the three cold phases to 
the Last Glaeiation, and the lower yellow cave-earth to the Last 
Interglaeial. Sinee, however, he was not then aware that the three- 
fold subdivision of the Last Glaeiation had been established on the 
Continent and that the Hunstanton Boulder Clay (Newer Drift) 
was likely to represent the second of these, he suggested that the 
stalagmite corresponded to the Newer Drift. In the light of our 
present more detailed knowledge, this correlation appears improb- 
able, since the third of the tlwee phases of the Last Glaciation is 
knouTi to have been much weaker than the first two. This picture 
is reproduced in the Pin Hole section, where the first two cold 
phases are represented by periods of frost-weathering, while the 
third is not. Nevertheless, Armstrong’s eorrelation of the entire 
comple.\ from the lower slab-layer upwards with the Last Glaciation 
agrees with the evidence better than any other alternative. 

Jlovius (1942, p. 40) proposes to correlate the stalagmite and the 
top of the red cave-earth with LGlj, and the upper slab-layer mth 
LGlj, leaving the lower slab-layer unaccounted for. If this lower 
slab-layer were absent, this correlation would at first sight appear 
most suggestive, but the loner slab-layer docs call for an explana- 
tion. One might be inclined to regard it cither as the equivalent 
of the cool oscillation which has been called Prewiirm by Soergel 
(p. 161), or as a phase of the Penultimate Glaciation. The first 
alternative is unlikely because that minor phase appears to have 
produced hardly any frost-weathering. If one nevertheless assumes 
that its climate permitted as much frost-weathering ns evidenced 
by the lower slab-layer, one is forced to attribute to the upper 
red cave-earth (the supposed equivalent of the Newer Drift Glacia- 
tion) an even more rigorous climate. But the top of the upper 
red cave-earth exhibits little c\ndcnce of cold ; so that it becomes 
clear that this alternative cannot be upheld. 

Lastly, if one relegates the lower slab-layer to the Penultimate 
Glaciation, one finds it difficult to include the whole of the Last 
Interglacial in about one foot of upper yellow cave-earth, whilst 
about six feet of a temperate cave-earth are found below this slab- 

* Tlie fauna lias not yet been published in detail. It Is, I understand, being 
studied by Dr. AY. Jnekson in Mnnclieslcr. References to species given here ore 
taken from Mr. Armstrong’s published reports. 
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layer. Furthermore, the fauna does not appear to support so grea 
an age for the lower slab-layer, judging from the expression ‘ arctic 
fauna’ of slab-layer 1 , used by Armstrong. T 3 Tically ‘arctic’ 
faunas are characteristic of the Last Glaciation. This argument, 
however, cannot be regarded as conclusive until the faunas of the 
consecutive layers have been published in detail. 

Thus, for the reasons given, the three cold phases of the Pin 
Hole section are probably to be regarded as the three phases of the 
Last Glaciation. The ensuing archaeological chronology is most 
interesting. 

The developed Aurignacian of the higher levels is often called 
Cresxcellian. It is a local, or perhaps British, facies of the Aurig- 
nacian with abundant evidence for upper Magdalenian influence 
(Garrod, 1926, pp. 147, 149, et al.). It eventually merges into an 
Azilio-Tardenoisian, found in the neighbouring cave of Mother 
Grundy’s Parlour (Armstrong, 1925 ; Garrod, 1926, p. 135), where 
the transition to the Mesolithic coincides with the change of the 
faiuia from cold to temperate. The Mesolithic therefore appears 
here at the same time as elsewhere in temperate Europe, namely 
after the climax of LGl,, when the climate begins to improve. 

The Creswellian itself corresponds to the upper, red, cave-earth, 
of the interstadial LGljyj, and LGI 3 until the climax. This is, in 
other parts of temperate Europe, the time of the Magdalenian 
which, indeed, has had a profound influence on the Creswellian. 

In the basal, cold, portion of the red cave-earth, however, a 
Solutrian influence is noticeable, and this proto-Solutrian horizon 
emerges from a Mousterian one. The proto-Solutrian and the 
typical Solutrian are, as far as known, confined to the maximum of 
LGI 2 , and the position of the corresponding horizon in the Pin Hole 
agrees well with this. The Mousterian which leads up to it is, 
however, an unusual feature. 

The Mousterian of the Creswell Crags has been divided into three 
stages, the earliest of which would date from the Last Interglacial, 
possibly a late phase. It is, according to Armstrong (1939, p. 103) 
typical old Mousterian. Below this Mousterian floor, ‘ the artifacts 
recovered include flakes of massive Clactonian type which corre- 
spond in facies and technique with the Tayacian industry of La 
Micoque ’. The old Mousterian of Derbyshire thus appears to have 
succeeded a Tayacian, during the Last Interglacial. 

The Mousterian 2 , of the cave-earth of the interstadial LGlj, 2 , 
is called a ‘ typical ’ one, but its mixture with a bone industry with 
upper Palaeolithic traits is an extraordinary feature. It may be 
recalled that Mousterian survived the first phase of the Last Glacia- 
tion in the Rhine Valley (Wallertheim, p. 159). But we know that 
during the follorving interstadial Aurignacian began to spread. A 
curious piece of evidence for contemporaneity of this Pin Hole 
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Moustcrian 2 with some Aurignneian is the bull-roarer found by 
•Armstrong (1930). 

The Jloustcrian 3 follo^vs immediately the formation of the 
second slab-layer, and the fauna is still cold. It must, therefore, 
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be assigned to LGlj, whose climax it apparently just survivxd, to 
be replaced by (‘ to merge into Armstrong) the proto-Solutrian 
level. With the proto-Solutrian we are again on familiar ground. 
The survival of the Jloustcrian into upper Palaeolithic times 
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is borne out, in both levek 2 and 3, by the abundant utilization 
of bone and the presence of many complex artifacts and ‘ amulets 
Armstrong (1939, p. 107) is not aware that similar artifacts have 
been recorded elsewhere, and he sums up the evidence thus : ‘ Taken 
as a whole, these facts and objects appear to indicate a much higher 
degree of culture than has generally been assigned to man of the 
Middle Palaeolithic period.’ By fitting the Pin Hole section into 
the detailed chronology of the Upper Pleistocene, this has been 
shown to be the result of the co-existence of the Creswell Mousterian 
with upper Palaeolithic (Lower and Middle Aurignacian) elsewhere. 
Even in England, evidence for the presence of upper Palaeolithic 
man during the interstadial LGli/j is available (Hailing, p. 193), 
quite apart from Continental sites. Thus, the Pin Hole Cave (and 
the other caves of the Creswell Crags) afford a most instructive 
parallel to the survival of the final Levalloisian in northern France. 

E. SUMMARY 

The evidence for the age of Palaeolithic industries, determined 
from sections which can be dated by geological or palaeontological 
methods, or both, without reference to archaeological pre-conceptions, 
is summarized in the table, fig. 65. The three areas, or provinces, 
distinguished, central Europe, northern France, and Britain, corre- 
spond to what one might call scientific provinces, in which research 
has proceeded on somewhat independent lines. Nevertheless, the 
resulting cluonologies are found to agree closely. 

The table comprises only such industries as have been discussed 
in the preceding parts of this chapter. Owing to om insistence 
upon the dating of sites by non-archaeological evidence, many 
well-known industrial phases do not appear, but the reader who is 
familiar with any one of the ‘ provinces ’ can easily complete the 
picture for himself by adding to this skeleton the probable chrono- 
logical positions of the missing phases of the Palaeolithic. 

The discussion of the significance of this chronology is best 
reserved for a special chapter which will follow those treating the 
evidence from the Mediterranean and from other continents. 


CHAPTER VII 

CHRONOLOGY OF THE PLEISTOCENE AND THE 

PALAEOLITHIC OF THE MEDITERRANEAN AREA 

A. THE CLIMATIC SUCCESSION 

M’hile evidence for the detailed relative chronology of the Pleisto- 
cene in temperate Europe is abundant, this is not yet so in other 
areas. This chronology is the back-bone of the absolute chronology 
as based on the astronomical time-scale. In turning our attention 
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to the Jlcditcrrancan region, therefore, it is necessary to keep in 
mind that the application of the astronomical method to such an 
area is tentative. 

IVith this proviso, however, one is justified in making an attempt 
to e.vtend the astronomical elironology to the Mediterranean, first, 
because its successful application in temperate Europe renders it 
highly probable that the same close relation between the strali- 
graphical succession and the fluctuations of radiation also exists 
in the adjacent regions. Secondly, tlic stratigraphical evidence 
wliich has been brought forward in the Mediterranean region, notably 
that from the Lower Versilia in northern Italy and from Jlount 
Carmel in Palestine, already shows that the Jlcditcrranean upper 
Pleistocene can be e.xplained more satisfactorily by adopting the 
astronomical method than by any other. This matter has been 
treated at some length in a different place (Zeuner, 1945, Chapter VII), 
so that it will suffice here to summarize the most important features. 

Main features of the Pleistocene climate of the Mediterranean. 
Evidence for the Pleistocene climate is available chiefly from the 
Grotte de I’Observatoire, Monaco, and the Grimaldi caves (44° N.), 
the coastal plain of the Lower Versilia (44° N.), the Pontine Marshes 
(42° N.), the Grotta Romanelli (40° N.), and Mount Carmel (03° N.) 
It is fairly complete for the subdivisions of the upper Pleistocene, 
but very scanty for the lower and middle Pleistocene. The following 
generalized statement appears to be permissible : 

(1) During the Last Interglacial {^Ionastirinn beaches at 18 and 
7-5 metres, with Strombus bubonius-fanno.), the sea was warmer 
than at the present day. 

(2) The most complete sections, those of the Grimaldi caves and 
of the Lower Versilia, confirm that there were tlrree phases of cool and 
damp climate corresponding to the tlirec phases of the Last Glaciation 
in temperate Europe. 

(3) Of these, the first was moderate, and the second the most 
intense, but climatic evidence for LGlj has not been found south 
of 43° N., so that this phase may have been very weak in the south. 

(4) LGl., on 40° N. and north of it, can be subdi\dded into a 
first, humid, subphase, and a subsequent cold and more continental 
subphase. On 33° N., however, the climate corresponding to a 
glacial phase appears to have been humid throughout. 

(5) LGli is represented by a humid phase everyrvhere ; it was 
cool north of 42° N., and temperate to the south of it. 

(C) It follows from (4) and (5), that there w'erc latitudinal dif- 
ferences of the climate which were most pronounced with regard 
to LGIj, and least pronounced with regard to LGlj. 

(7) It further follows from (4) and (5), that the ordinary type 
of climatic phase representing a glacial in the Mediterranean is a 
phase of humid, or oceanic, character wliich, when conditions were 
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severe, as during LGlj, was followed by a cold and continental 
subphase in the northern part of the Mediterranean. 

( 8 ) Climatologically it is to be expected that a pluvial of the 
Jlediterranean type falls into three subphases, namely (A) the 
initial subphase of decreased summer radiation and increased winter 
radiation, mth rainfall more evenly distributed over the seasons 
than at present, with cooler summers, but not necessarily a greater 
annual total precipitation. This subphase is called the pseudo- 
pluvial ; it favoured the extension of temperate forest in the Medi- 
terranean area. (B) The period of the greatest extension of the 
ice-sheets in northern Emope, during which the secondary effects 
of the glaciation (p. 142) affected the Mediterranean, through the 
deviation of many rain-bringing depressions into the Mediterranean, 
and through frequent invasions of cold air from the glaciated area. 
Unsettled weather with much rain and rapid and intense changes 
of temperature, with frost in the northern Mediterranean. This is 
the Pluvial proper, with pseudo-continental climate north of approxi- 
mately 40° N. Finally (C), the period of disintegration of the glacial 
anticyclone. Rapid return to the present Mediterranean type of 
climate, with its rainy winters and dry summers. 

This deduced course of the climate during a pluvial phase corre- 
sponding to a glacial phase in northern Europe is corroborated by 
the geological evidence as summarized under (7). 

(9) A pronounced latitudinal differentiation is to be expected. 
In the countries bordering the Mediterranean in the south, the 
secondary effects of the glaciation are likely to have been confined 
to an increase in the number of rain-bringing depressions, so that 
subphase (B) would have been mild, and distinguished from sub- 
phase (A) merely by an increase of precipitation. 

The latitudinal differentiation should have been accentuated by 
the latitudinal differences in the amount of radiation received. In 
particular, the summer minimum of LGI 3 grows weaker as one goes 
south. 

Geological evidence confirms this theoretically expected dif- 
ferentiation according to latitude (compare points (3), (4) and (5)). 

(10) In accordance with the radiation curves, it is to be expected 
that the pluvials are doubled, except for the Last Glaciation, which 
should be represented by three pluvial phases. 

Evidence shows that there were indeed three pluvial phases 
following the Last Interglacial, and the duplication of the pluvial 
corresponding to the Penultimate Glaciation is suggested in the Grotte 
de I’Observatoire. 

(11) The succession of interglacial, eustatic, high sea-levels (see 
p. 127) should confirm the succession of climatic phases as based 
on terrestrial evidence. The Monastirian does so, since it is followed 
by the three pluvial phases of the Last Glaciation. For the earlier 

8 
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high sea-levels, however, no detailed correlation can be established, 
for lack of e^^dence from contemporarj' terrestrial deposits. All 
one can say is that the Calabrian eorresponds to the late Pliocene. 

Absolute Chronology in the Mediterranean. The palacoclimatic 
material summarized in these 11 points permits one to construct a 
tentative absolute ehronolog}- for the upper Pleistocene of the 
Jlediterranean. Tlie ‘ pluvial ’ phases which can be correlated with 
glacial phases of temperate Europe were almost contemporaneous 
with them, but only the pseudoplmdal subphase, which in the 
geological e'V’idence will appear rather damper than it actually was, 
corresponds strictly and without retardation to the minimum of 
summer radiation of tlie latitude in question. Taking the figures 
for 35° N. as an average, the three pseudoplmdals of the Last Glacia- 
tion are dated at 116,000, 72,000 and 22,000 years B.P. But tlie 
pluvial proper followed this subphase in each case, in accordance 
with the retardation of the maximum development of the ice-sheet 
(see p. 142) and was, therefore, later, possibly by several thousand 
years. 


B. ITALO-FKENCn BIVIEIU. 

We may now turn to a survey of localities, which will help in 
elaborating several of the points just outlined. The localities have 
been selected in part for their archaeological importance, and in part 
for their chronological significance. These two do not always coin- 
cide, and the reader is likely to look in vain for some sites he might 
expect to find. But since this book is concerned with the chrono- 
logical aspect and is not intended to proride a sjmopsis of the areas 
considered, such selection could not be avoided. The localities are 
arranged in a geographical order, beginning with the classic sites 
of the Italo-French Ririera, passing soutliwards through Italy, 
thence to Palestine, Egi^it, Algeria and, finaUy, the Iberian Peninsula. 

Grotie de VObsereatoire, Monaco, The Grotte de TObservatoirc 
(Boule, 1927, Vemeau, 1933), in Monaco, is important because it 
contained deposits of an earlier age than most other caves. It lies 
as much as 100 metres above the present sea-level, just below the 
upper edge of the rock of the mainland, facing the peninsula of 
Monaco. It is not a sea-cave and differs in this respect from most of 
the caves to be described subsequently. 

Standing in the entrance, one looks down into the excavated 
chamber of the cave which possesses a rock-wall protecting it against 
the outside (fig. 66). In the background, the floor drops steeply 
into an opening, the ‘ fosse leading down to some inner chambers 
with stalactitic formations. As far as we know, however, these 
were not used by Palaeolithic man. The earliest human traces, 
i.e. implements, were found in tlie lower part of the fosse, wliich 
is too narrow and steep for habitation. Breuil (1932, p. 186) rightly 
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suggested that the finds in the fosse had either slipped down or 
were thrown into it. A regular habitation did not become possible 
until the larger portion of the fosse had been filled up with sediments 
and a more or less even floor established. The cave has been com- 
pletely excavated, but vestiges of the deposits can still be seen 
in siiu. 



Fio. 06. — Grotte de I’Observatoire, Monaco. Section of deposits. — A to G, 
and a to k, foyers or occupation horizons. — I, II, III, IV, stalagmitic horizons. — 
After Boule and Villeneuve (1027), modified. 

The section, as described by Boule and Villeneuve (1927) (figs. 66, 
67), is characterized by four stalagmitic horizons separated by loose 
deposits of cave-earth. Since no stalagmite is formed in this cave 
under the present climatic conditions, the four stalagmitic horizons 
appear to represent four phases with a climate more humid than 
the present one. 
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The deposits of cave-earth are more difTicult to interpret. Some 
preserved patches of the cave-earth ■which intcn’cncd between the 
first (i.c. uppermost) and second stalagmites show that it was 
not a cave-earth in the usual sense of the word, but rather a cal- 
careous sand, -u-hich could be neither eolian nor water-laid, ^^^lcther 
it was a product of disintegration of limestone, or an unconsolidated 
travertine or stalagmite, I am unable to say ; in any case it docs 
not reveal the climatic conditions of its formation. 

The uppermost cave-earth contains numerous large blocks. One 
is inclined to take these as evidence of a frost climate, and the 
fauna would corroborate this view, but it is not impossible that 
the frequent action of fires lit in the cave by Aurignacian man 
detached the blocks from the roof of the cave. 

Fortunately, the fauna recovered from the deposits suggests 
to a certain extent what the climate of the cave-earth phases was 
like. Since the fauna was adequately described by Boule (1927), 
it is sufficient for the present purpose to tabulate it ns done in fig. 07. 
Only a few of the species require special mention. 

Among the carnivora, a wild dog is found, Ction alpimis curopaeus 
Bourg., a form of a species now Having in the Altai Mountains of 
Siberia, with close relatives ranging tlwough India into the Malay 
Archipelago. This species is climatically indifferent. 

Two forms of lynx are found in the Grotte dc rObservatoire, 
the northern form, Lynx lynx (L,), and another called by Boule 
Lynx pardina race spelaea.'^ 

The ibex {Capra ibex L.) is very abundant tliroughout the section, 
and frequent in the Grimaldi caves also, as well ns in some Italian 
localities as far south as the Grotta Romanelli under the fortieth 
degree of latitude. In accordance ■with its present, high-alpine 
distribution in Emope the ibex has been regarded as an indicator 
of cold conditions for the Mediterranean area. It is conceivable, 
however, that, originally, the ibex was merely accustomed to rocky 
country irrespective of the climate, so long as it did not become 
too dry in summer. Its present restriction to scattered moun- 
tainous localities ranging from Spain to Siberia and south to Yemen 
and Abyssinia is in part the result of man’s interference vath these 
goats ; "^vhich are extremely shy and at the same time a much 
esteemed game. Though the Alpine ibex became very frequent 
at low altitudes in glacial times, it need not have been entirely 
absent there in the mild interphases, at any rate not along the 
coast of the Riviera where the Alps rise directly from the sea. 

The oceurrence of small numbers of ibex in a fauna of the Riviera 
tj'pe, therefore, appears to have little climatic significance ; if they 
are very abundant, it is likely that good grazing was available at 

* Miss D. M. A. Bate kindly infonns me tliat tliis form is ostcologically quite 
distinct from Lynx pardina Tcmminck (recto Lynx pardclla Miller). 
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low altitudes, the climate probably being less IMediterranean and 
more temperate than now. They were also able to withstand a 
frost climate. The more one goes southwards, however, the more 
the ibex is likely to have been a form of comparatively cool and 
humid phases. 

The fauna of the lower horizons of the Grotte de rObservatohe 
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Fio. C7. — Chronological table for the Grotte de I’Observatoire, Monaco. — For 
explanation, see text. 


is poor. Cold forms have not been found, except for the cave-bear, 
which, though frequent in cold deposits, is not absent from deposits 
of mild phases in temperate Europe. The few other forms present 
suggest the climate of a temperate forest. 
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A richer assemblage of species occurs between the second and 
first stalagmites. Most of these also arc elements of the temperate 
forest. Some cold tj-pes have, however, been mentioned from this 
level, though the question whctlier thej* really came from lliis 
level remains open to doubt. The reindeer ivas queried by Boule 
himself, the cave-bear is not reliable ns a climatic indicator, the 
arctic fox {Fttlpes lagopus (L.)) has recently been removed to the 
uppermost level by Obermaicr (1937), and the marmot occurs possibly 
in burrows descending from the uppermost level. Thus, the fauna 
cannot be said to be cold ; it is temperate, and possibly somewhat 
cooler than the present Mediterranean climate of tlus area. 

The uppermost cave-earth, above the first stalagmite, contains 
a fair number of cold elements beside forms of the temperate 
forest. There are the reindeer, tlie arctic fox, the northern Ijmx, 
the cave-bear, and the marmot, together with the horse, wild boar, 
red deer, roe-deer, ibex, red fox, wolf, Cuon, hyena, and others. 
This fauna does not suggest an arctic climate but rather that of a 
cold forest not far from the limit of tree-grovi’th. It has a decidedly 
colder aspect than that of any of the lower laymrs. 

The climatic history of the Grotte de I’Observatoirc thus provides 
evidence for the fourfold repetition of a decidedly humid climate 
followed by one of temperate forest. The last temperate-forest 
phase has left a fauna sufficiently ample to show that the climate 
was bordering on the cold. For the other temperate phases, the 
evidence is too incomplete to call the climate cold-temperate, though 
it probably was more like that of present-day central Europe than 
like the present Mediterranean climate of the locality. 

The lithic industries of the Grotte de I’Observ'atoire were described 
by Boule, who gave excellent figures. Tiiere are also short descrip- 
tions by R. Verneau in the Catalogue of the Monaco Museum (1988). 
H. Breuil made the important discovery that the large flakes of the 
basal layers are Clactonian (Breuil, 1982), and recently Obermaicr 
(1937) published an account of the industries of tliis and other Medi- 
terranean localities. Boule not only diseussed the affinities of the 
Mousterian and upper Palaeolithic industries ; he also recorded the 
levels carefully. This is especially important as regards the two 
Acheulian pieces found lying on the rock beneath the second stalag- 
mite. A short summary of the industries is included in fig. C7. 

Clactonian was found below the lowest stalagmite, Acheulian 
below the second stalagmite, upper Mousterian behveen the second 
and first stalagmites, and upper Aurignacian (so-called Grimaldian) 
above the first stalagmite. 

If one accepts the current theory that humid phases in the 
Jlediterranean area correspond to glacial phases in the north, the 
succession of industries in relation to the climatie phases appears 
to be roughly the same on the Riviera as in west and central Europe 
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(compare fig. 65). The four humid phases would, on the archaeo- 
logical evidence, represent the second and first phases of the Last 
Glaciation, and the two phases of the Penultimate Glaciation, 
Clactonian belonging to the Great Interglacial, Acheulian occurring 
(together with a mousterioid industry) in the Last Interglacial, 
upper Mousterian between the two phases of the Last Glaciation, 
and developed upper Palaeolithic after the second phase of the 
Last Glaciation, when the climate was still cold. 

The section of the Grotte de TObservatoire, however, does not 
afford geological evidence for the correctness of this correlation ; 
it is merely suggested by observations made elsewhere. For proofs 
that this correlation is in its outlines correct, it is necessary to tmn 
to other localities of the Mediterranean area. 

Caves of Grimaldi. The famous caves of Grimaldi near Mentone 
lie only about 8 miles east of Monaco. They are quite close to 
the sea, at a locality known as the ‘ red rocks Rochers Rouges 
in French, Baoussd-Roussd in Provengal, Balzi Rossi in Italian. 

For these caves, we are fortunate in possessing a comprehensive 
memoir by Boule, Cartailhae, Verneau and de Villeneuve (1906-19), 
which describes the excavations carried out under the direction of 
Prince Albert I of Monaco. More recently, the Istituto di Paleonto- 
logia Umana has resumed work on these sites (Graziosi, 1937). 

Grotte du Prince. Without exception, the Grimaldi caves appear 
to have been carved out by the sea during the Monastirian, i.e. 
the Last Interglacial. Whether the process took place during the 
Main or the Late Monastirian cannot be decided except in the 
Grotte du Prince. In this cave (fig, 68), a horizon of rock-boring 
shells {Lithodoimis) is found at 22-7 metres above the present sea- 
level. This cave, therefore, was carved out by the sea during 
the Main Monastirian phase. Since the corresponding marine 
deposits filled the cave up to 10 metres above present sea-level, 
i.e. somewhat higher than the Late Monastirian sea-level, the cave 
would have been inhabitable during the latter part of the Last Inter- 
glacial, at about the time of the Mousterian of Weimar-Ehringsdorf. 

This is borne out by the strata which subsequently accumulated 
over the marine deposits, forming a detrital cone. At the base 
of the cone, resting immediately on the marine deposit, an occupa- 
tion layer (E of section) was found, with Mousterian accompanied 
by a decidedly warm fauna including Hippopotamus and Elephas 
antiqims. In the higher occupation levels, the Hippopotamus is 
absent, but some ibex appear. If this small change indicates a 
deterioration of the climate, it must have been a very slight one. 
The Mousterian continues. 

A marked change, however, occurs in the uppermost layers of 
the cone. The occupation layers (for instance, B, fig. 68) are no 
longer on the cone, but in a protected position behind it, and the 
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fauna has changed, noT\' comprising the reindeer, the marmot, and 
numerous ibex. The industrj' is still Sloustcrian. 

The same applies to the topmost occupation level (A), though a 
long blade, and possibly some other implements, remind one of 
the oncoming Aurignacian. In vien- of the superficial position of 
this layer, however, these upper Palaeolithic specimens may be 
interpreted as intrusions. 

It is certain that the Moustcrian here lasted from the warm, 
latter, part of the Last Interglacial right into the, presumably first, 
cold phase of the Last Glaciation. For this reason, A. C. Blanc 
(1937) referred to this section in order to disprove Penck’s contention 



that the whole Mousterian was earlier than the Last Glaciation 
(Penck, 1936). 

The recent excavations of the Istituto di Paleontologia Umana 
have shown that both in the Barma Grande and in the Grotte des 
Enfants, both situated close to the Grotte du Prince, the Mousterian 
complex is overlain by an Aurignacian sequence. The absence of 
the later deposits in the Grotte du Prince is due to the fact that 
this cave was filled wdth debris in Mousterian times, so that it was 
no longer a convenient place to live in later on. 

Grotte des Enfants. The stratigraphy of the Aurignacian series 
is clearest in the Grotte des Enfants. 

The cave, the Grotta dci Fanciulli of the Italians, derives its 
name from the rivo skeletons of children found by Riviere in the 
uppermost beds. When the Prince of Monaco took up systematic 
excavations, more skeletons were discovered, among them two 
which, according to Verneau, have negroid characters. All these 
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human remains were associated with upper Palaeolithic. Traces of 
Mousterian were foimd at the very base of the section, near the 
floor of the cave. The excavations by the Istituto di Paleontologia 
Umana in 1928 (Graziosi 1937), however, uncovered a pocket in 
the floor, sealed by stalagmite and containing a series of Mousterian 
deposits.^ 

Graziosi mentions that the Mousterian of the Grotte des Enfants 
below the hard layer at which the earlier excavations had stopped, 
was associated with a cold fauna ; it thus probably corresponds to 
the upper portion of the section in the Grotte du Prince. In the 
cultural horizons uncovered by the Prince of Monaco and his staff 
(numbered from A at the top to L at the bottom), layer L which 
rested immediately on the above-mentioned stalagmitic horizon, 
still contained flints of Mousterian appearance. Obermaier (1937) 
says, apparently referring to this layer L, that the Mousterian 
contained Rhinoceros merckii, a species of a mild climate and fond 
of parklands. With the foyer K, Aurignacian commenced abruptly. 
It was a ‘ typical ’ Aurignacian according to Obermaier.* The 
foyers I, H, and G contained a woodland fauna with wild boar, red 
deer and roe-deer, wolf and hyena ; and the only species which 
might, though need not, point to cooler conditions were cave-bear, 
ibex and horse. From layer F upwards, however, ibex and reindeer 
became frequent. They were associated with a ‘ Grimaldian ’ 
industry (a composite industry according to Brea, 1949). 

The section thus shows two cold phases, one associated with 
upper Mousterian and one with Grimaldian. They are separated 
by a typical Am-ignacian accompanied by a fauna of a mild climate, 
but possibly preceded by some Mousterian surviving into this mild 
phase. 

The two cold phases thus evidenced are a priori likely to be the 
first and second phases of the Last Glaciation of northern Europe. 
That LGlj is iiot represented in the sections so far discussed, is 
shown by independent evidence for this particular phase from the 
Riparo Mochi to be described presently. 

It is noteworthy that the Mousterian may have siuvived LGlj 
for a short time, whilst the Aurignacian comes in during the inter- 
stadial bebveen LGlj and LGL, appearing in its typical, not primitive, 
form. These datings recall similar ones derived from the sections 
of Wallertheim and Linsenberg in the Rhine Valley, and northern 
France; they will be discussed in the archaeological summary of 
this chapter (p. 241). 

Riparo Mochi. The continuation of the Grimaldi succession is 

» Another little cave was opened to the left of, and immediately adjoining, 
the Grotte des Enfants. It was named Grotta del Conte Costantini and contained 
upper Palaeolithic ns well ns Mousterian, and a cold fauna. 

* I.e. presumably Middle Aurignacian. 
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pro'V'idcd by n set of new sections discovered by A. C. Blanc (10S8). 
They lie half-wnj' between the Grotto des Enfants and the Groltc 
du Prince. The localitj’ which consists of rock debris in front of 
a shelter has been called Riparo Mochi. The upper part of the 
section of trench A (the only one so far excavated to a considerable 
depth) is composed of : 

Beds a, b, c. Up to 60 em. of powdery earth with limestone frag- 
ments, containing a hj’per-microlithic industry including Meso- 
lithic implements like burins of Tardenoisian tj'pc. 

Bed d. Up to 1 metre of uniform, compact earth, without fossils 
or industry. 

Bed e. Up to 1*5 metres of limestone breccia, cemented by stalag- 
mite in certain places, with a macrolithic industry of upper 
Palaeolithic appearance, with large flat blades and with short 
flat, sub-circular scrapers of a type found in the French Jlag- 
dalenian and the North African Capsian. 

Bed f. Up to 2-7 metres of limestone debris, but unconsolidated, 
and mixed with a larger amount of brown earth. It is full 
of ashes, charcoal and other evidence of foyers. The industry 
is of a ‘ microlithic upper Palaeolithic ’ type and ‘ can perhaps 
be attributed to an upper Grimaldian Some types of imple- 
ments (c.g., burins of Noailles) are present which have not 
yet been found in the Grimaldian of the caves. 

This sequence of deposits is younger than those reported from 
the caves. Its importance is evident. It continues the succession 
of industries up to the Jlcsolithic and at the same time suggests 
a third, weaker, humid phase by the partial cementation of Bed c. 
The presence of an industry of possibly Magdalenian or Capsian 
affinity agrees well with the discovery of Magdalenian associated 
with the third phase of the Last Glaciation at Lake Constance and 
at Meiendorf in Holstein. In Germany as at Grimaldi, the Meso- 
lithic follows this last cold (or humid) phase of the Last Glaciation. 

Riviera, summary. The table on page 21 5 is a summary of the 
chronology of the Palaeolithic relative to the climatic phases as 
suggested by the evidence of the Riviera caves. 

C. ITALY 

Lower Versilia. The succession of the greatest importance from 
the climatic point of view is that of the Lower Versilia, the coastal 
plain which lies at the foot of the part of the Apennines called 
Apuan Alps (pi. X\U, fig. A). It now consists of a flat coastal 
bar ^vith peaty marshes behind, several kilometres vdde. The 
marshes are replacing a lagoon of which only a lake is left, the 
Lago di Massaciuccoli. Sand is extracted at this lake by means 
of pumps and dredgers, and it is here that masses of Palaeolithic 
implements have been recovered. The section was further explored 
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Mesolithic 


Phase 3 


Last 

Glaciation 

Phase 2 


Phase 1 

Last 

Interglacial 

1 

Penultimate 
Glaciation j 

Phase 2 


Phase 1 


Great 

Interglacial 


Upper Palaeolithic with elements reminiscent 
of Magdalenian or Capsian 

Upper Grimaldian 

Grimaldian (developed, or Epi-Aurignacian) 

Aurignacian, typical 
Mousterian 

Upper Mousterian 

Mousterian 

Mousterioid industry, and Acheulian 


Mousterioid industry 


Clactonian, and one doubtful Abbevillian 
piece 


with the aid of borings. The geological and archaeological work on 
this locality has been carried out by A. C. Blanc (1935, 1986a, i, 
1937a, b). The plant remains have been studied by Tongiorgi 
(1986, 1937) and by Marchetti and Tongiorgi (1987). 

The succession (for details, see Zeuner, 1945, p. 182; compare 
fig, 69) may be summarized and interpreted as follows, beginning 
with the earliest recognizable event: 

(A) The sea-level at — 90 metres, receding to even more than 
this, leaves behind deposits with marine shells on the submarine 
platform. 

(B) As (A) proceeds, terrestrial and freshwater deposits spread 
over the exposed marine deposits. First phase of the Last Glaciation 
(LGh). 

(C) The sea rises again, overwhelms the terrestrial deposits of 
(B) and extends its realm to the foot of the mountains. Maximum 
sea-level of this phase at least — 60 metres, possibly higher. Climate 
mild. Interstadial LGli^.. 

During the later part of this phase, the rate of the rise of sea- 
level appears to have slowed down, and a coastal bar with a peaty 
marsh behind it developed (early part of (D)). 

(D) The conditions just described continue, but the sea-level 
begins once more to drop, the climate becomes cool and continental. 
Sea-level drops by an unknown amount. Second phase of the Last 
Glaciation (LGlj). 

(E) The sea-level rises again, at least to — 12 metres and trans- 
gresses over the coastal bar and peat of (D), destroying a portion of 
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the earlier deposits and eventunll}’ rcacliing the foot of the moun- 
tains. Climate again mild, ‘ Purptira-bcds Interstadial LGlj 

(F) A new recession begins, and as the sea retreats, exposing 
the surfaee of the deposits (E), sands are laid do^TO, probably in 
the shape of beaeh-ridges and dunes. From this le%'cl, large numbers 
of implements have been rceovered. Relying on signs of wind- 
aetion on some of the implements, Blanc suggests that they come 



no. 09. — ^Development of the coastal plain of the Lower Vetsilin, northern 
Italy, according to A. C. Blanc (1035), from Zeuner (10-14). 1. Stage A. 2. Stage 

B. 3. Stage C. 4. Stage D (regression of sea not clearly sliown). 5. Stage fi. 

C. Stages P and G (regression not clearly shown). S. Logo di Massaeiuecoli. 
T. Pent marsli. D. Coastal dune. JI. Sea. 

from an eolian pebble horizon at a depth of about — 7 metres. 
Blanc summarizes his results concerning the implements as follows 
(A. C. Blanc, lOSTot, p. 637) : 

The tools, which number more than 2,000, can be divided into a 
Mousterian assemblage and an Aurignacian assemblage. The latter 
could be subdivided, aeeording to differences in tjT)ology and condition, 
into an older and a younger Aurignacian group, the latter of the Grimaldi 
type. A few pieces suggest the presence of a Mesolithic level, and a few 
tanged arrow-heads may indicate that Neolithic man was also present 
in this littoral marsh. The Jloustcrian assemblage shows a rather 
advanced technique. The Abb6 Breuil, who examined the industry', 
believes it to belong to a final stage of the Mousterian. It is conceivable, 
however, that the ‘ Grimaldian ’ and ‘ Mousterian ’ form in fact a single, 
‘ Gravettian ’ complex, in which case much of the argument that follows 
could be simplified. 

(G) Behind the deposits of (F), freshwater is ponded up while 
the climate turns cool and humid and the sea-level is low. Third 
phase of the Last Glaciation (LGl,). 

(H) Finally, the sea-level rises again, to its present height. New 
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beach deposits and dunes are added to, and mixed Tvith, those of 
(F), producing the flat, sandy beach-bar -which at the present prevents 
the sea from flooding the marshes lying farther inland. Peat is 
formed in the marshes and the climate resembles that of to-day. 

Prehisloric industries in the Lower Versilia. The numerous 
implements found by Blanc in this section all come from (F). They 
were not collected in situ, but sucked up by the pumps from below 
water-level and may be derived from any horizon of this deposit. 
Blanc has spared himself no trouble in trying to determine the 
implementiferous level, or levels, with the hardly satisfactory results 
summed up under (F), above. Many implements appear to come 
from about — 12 to — 14 metres, i.e. 5 to 7 metres below the level 
of the lacustrine clays (G). Since any implements coming from 
higher levels will get into the pumps as well, and since the upper 
portion of the sands classified under (F) may have been deposited 
as late as during phase (H), one cannot be surprised to encounter 
Neolithic and Mesolithic implements in this assemblage. 

The intriguing problem is the occurrence of Aurignacian and 
Mousterian implements in large quantities at a level in the section 
which cannot be lower than — 14 metres. Geologically speaking, 
this level is later than the interstadial LGls/LGlj. On the other 
hand, since the lacustrine deposit of LGl, lies at about — 6 metres, 
the Palaeolithic level, or levels, is likely to ante-date this cold phase. 
Thus, the Aurignacian-Mousterian assemblage would lie in deposits 
dating from the beginning of the third phase of the Last Glaciation. 

Clearly, this result is at variance with the evidence obtained 
elsewhere in the Mediterranean and in temperate Europe, since 
(a) Grimaldian, ‘ older ’ Aurignacian and developed Mousterian have 
nowhere been found to be contemporary ; [b) only the Grimaldian has 
been foimd to straddle the early part of the interstadial LGlj/LGlj, 
and none of them has been recovered from deposits of the third 
phase of the Last Glaciation. 

Two ways of interpreting this state of affairs are possible. The 
first is to accept the evidence as proof of local smrvdval of these 
industries, particularly of the Slousterian. This line is taken by 
Blanc, who published three papers on this subject (19386, c, d). 
The second is to contest the geological dating. Since the first 
alternative has been so ably proposed by A. C. Blanc, the second, 
hitherto neglected, may be discussed in some detail. It must be 
borne in mind, however, that there is at present no means available 
of deciding which alternative is correct. 

If the deposits containing the implements were made up of 
river gravels one would find it quite natmral that several industries 
are mixed and would assign to the deposits the age of the latest 
of the industries, considering the others as derived. Thus, the 
archaeological phase of the Versilia-level (F) would be Grimaldian, 
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and tlie older U'pes, including the Sloustcrian, derived from older 
deposits. All depends, therefore, on the cliaractcr of the deposit 
containing the implements. Nobody has ever seen the deposits 
in silu, but at — 7 metres, or 5 to 7 metres above the level from 
•which most implements are pumped up, a horizon of ■wind-'wom 
pebbles exists, and the entire series might be regarded as colian, 
representing coastal dunes. Flints, however, cannot be blown about, 
and if they are exposed to the wnd and re-embedded in sands 
of wandering dunes, they would inevdtably come to lie in the same 
or a lorccr horizon, but not in a higher one. If the series (F) is 
purely eolian, therefore, Blanc must be right in stating that tlic 
Mousterian of the Versilia surged into the tliird phase of the 
Last Glaciation. 

On the other hand, tlic sands of (F) need not be purely eolian ; 
they can be of a composite marinc-colian origin ns, indeed, most 
coastal beach deposits are. The waves take up sands from the 
surface of the submerged shelf, i.c. from deeper levels, and tlirow 
them on to the beach, where a flat ridge or bar is formed. From 
this, sand is readily picked up by the •wind and transformed into 
coastal dunes. If, therefore, the deposit (F) were of composite 
marine-eolian origin, wave-action would have transported Mousterian 
implements, washed out from lower levels, into positions above the 
sea-level of that period, and the ‘ continental ’ sands (F) resting on 
the Purpura-beds would then be contemporary with the Grimaldian, 
as explained presnously. 

Yet another possible explanation of the implcmcntiferous deposits 
is afforded by the lower peat (D), which is in a compressed condition. 
It may be that coastal dunes and beach-ridges of different ages 
are incorporated in deposit (F), and that the compressed peat (D) 
was formed at a much higher level than that in whicli it occurs 
to-day, perhaps nearly as high as the implementiferous sands. Part 
of these sands may be contemporaneous •\rith part of the lower 
peat, and the present low position of the lower peat be due to com- 
pression after its formation. 

A certain amount of compression and, therefore, of depression 
of the lower peat from the altitude-level of its formation down to 
that in which it is now found, must have taken place, an exception 
being only the basal stratum of the peat. Ho^v much tlie ensuing 
vertical displacement amounted to, however, cannot be estimated, 
but one has to admit the possibility at least of older beach-ridges 
and coastal dune deposits occurring at levels in which the Purpura- 
sands or even the implementiferous sands appear elsewhere. If 
this is so, or if this was so at any time before the Purpura-sea 
destroyed such deposits, the occurrence of Slousterian implements 
in the sands classified under (F) finds a more satisfactory explanation. 

Since nobody has been able to study the implementiferous sands 
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in situ, the question of their age and origin has to be left open. I am 
confident that, in the course of time, A. C. Blanc’s continued survey 
of the locality wdU provide the answer, but for the time being caution 
is advised in basing conclusions on the presence of Grimaldian, 
Aurignacian and Mousterian in level (F) of the Versilia section. 
The local survival of final Mousterian into the third phase of the 
Last Glaciation has to be admitted as possible, though it would not 
affect the interpretation of other sections in the Mediterranean, 
where the prehistoric chronology agrees to a very high degree with 
that of temperate Europe. 

Pontine Marshes. Another district of great palaeoclimatic and 
archaeological interest are the Pontine Marshes, about 80 miles 
south of Rome. Again it is to A. C. Blanc that we owe the investi- 
gation of the sections (various papers, 1935 to 1939). 

The Pontine Marshes differ from the Lower Versilia in several 
important .respects, chiefly in the replacement of the transgressive 
deposits of the Versilia by dune sands. In other words, the accumu- 
lation of dune sands and beach-ridges here proceeded at so fast a pace 
that the rising sea was at no time able to overwhelm them. This is 
due to more favourable local conditions, the voleanic and other 
deposits of the area of Nettuno and Anzio providing large quantities 
of easily eroded material which is redeposited between this area and 
the limestone island of the Monte Circeo in the south (pi. XVI, fig. 
B). The lagoon behind the coastal sand belt thus created consti- 
tutes the Pontine JIarshes proper ; it is comparable with the lagoon 
of the Lower Versilia. 

A detailed discussion of the deposits may be found in Zeuner 
(1945, p. 186), as well as in Blanc’s numerous original papers among 
which that of 1937 (a) is probably the most readily accessible. The 
most important section is that of the Canale Mussolini (fig. 70), at 
the second weir (Briglia II), which may be summarized and inter- 
preted as follows (from the surface downwards) ; 

— . Surface, with Neolithic. 

(A) Reddish, chiefly eolian sands, with upper Palaeolithic, 
including La Gravette blades (Blanc, 1938e) and Grimaldian (Ober- 
maier, 1937 ; Blanc, 19S6a). Not younger than interstadial 
LGU,,. 

(B) Yellow sands. Mousterian near base, upper Palaeolithic 
frequent in the upper 1-5 metres. 

— . Unconformity. 

(Cl) Greyish-green sands with calcareous concretions, Elephas 
primigenixts, Equus hydnmtinus. Artifacts Mousterian, but an 
‘ early Aurignacian influenced by Mousterian is perceptible in the 
uppermost layers’ (Obermaier, 1937; Blanc, 1937a, b). LGl, 
according to Blanc, cold-continental climate. 

(C,) Reddened, cross-bedded sand with Elephas primigenius 
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supposed to come from this deposit, but not found in situ. Possibly 
dunes of high sea-level during interstadial LGli/,. 

(D) Grey sands, sometimes argillaceous, with plant remains. 
Ahies alba indicating cool and humid conditions. Elephas primi- 
genius and Mousterian. LGl^. 

— . Unconformity. 

(E) Lacustrine peaty beds with flora at first mild, but Abies 
immigrating. Transition from Last Interglacial to first phase of 
Last Glaciation. 

(F) Beach sands with Strombus fauna, not exceeding 10 metres 
above sea-level. Second part of Last Interglacial (Late Monas- 
tirian). 

The chronological interpretation of the section is uncertain with 
respect to the separation of the first and second phases of the Last 
Glaciation. That (Cx) corresponds to LGlj is, however, reasonably 
certain, since one arrives at this determination whether one starts 
from the Late Monastirian beach deposits at the base of the section, 
or from the top. As regards the latter approach, it is necessary to 
supplement the section by a morphological feature, namely the 
narrow strip of lagoon which separates the belt of red dunes ( (A) of 
the Canale section) from the white dune which is being formed by the 
sea at the present day. This lagoon affords evidence for a phase of 
low sea-level separating the phase of the red dunes from the phase 
of the modern high sea-level (pi. XVI, fig. B), and this oscillation is 
most adequately explained on the theory of glacial eustasy as the 
equivalent of the third, and last, phase of the Last Glaciation. 

Archaeological succession of the Pontine Marshes. If one accepts 
the chronology of the deposits as outlined above, implements of the 
follomng industries occur (not necessarily in an underived condition) 
in deposits of the following climatic phases : 

Postglacial and Recent : Neolithic. 

Last Glaciation, phase 3 : sterile. 

Interstadial LGlj/LGl, : Aurignacian (La Gravette blades and 
Grimaldian), at lower levels Mousterian. 

Last Glaciation, phase 2 : Aurignacian influenced by Mousterian 
above, Jlousterian below. 

Interstadial LGL/LGlj : sterile. 

Last Glaciation, phase 1 : Mousterian. 

In northern France and Derbyshire, the lower Palaeolithic (final 
Levalloisian and Mousterian, with distinct upper Palaeolithic 
influences) lasts into the second phase of the Last Glaciation, to be 
replaced during the same cold phase by a developed form of the 
upper Palaeolitliie (pp. 172, 196). And this happened while in 
adjacent areas the Aurignacian established itself in the course of 
the interstadial LGli,, and continued throughout the second phase 
of the Last Glaciation. 
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Since, in the Grottc de I’Obsen'atoirc and the Griranldi caves, 
the upper Palaeolithic ■was ■well established during LGl,, a local 
sun'ival of tlie Ulouslcrian at least into LGlj, ns postulated by Blanc, 
suggests itself for tlie Pontine Marshes also. It is noteworthy that 
an Aurignacian influenced bv Mousterian appears temporarily during 
LGlj. 

tMiether this suiwival lasted into the next interstadial, LGlj,,, is 
doubtful. The occurrence of Mousterian in the lower portion of the 
yellow sands (B) can be explained either as (a) csudcnce for a portion 
of these sands being contemporary with layer (Cj), dating from the 
first interstadial of the Last Glaciation, or {b) being due to wave 
action which tlwew implements picked up at lower levels on to the 
beach-ridge, where they were subsequently incorporated in the dunes, 
or (c) as esudence for the surs’ival of Mousterian into this phase. It 
is at present impossible to choose between these alternatives, (a) 
might conceivablj’^ be tested in the field, though it is difficult to 
separate dune deposits of different age unless fossil soils inten'ene ; 
(6) raises the more general question of the occurrence of pebbles in 
dune sands, which is not confined to the Pontine Marshes and the 
Versilia. Miss Gardner (1937) mentions that in the Fayum pebbles 
are found in dune sands on a water divide, in a position which excludes 
wave-action almost entirely ; w'hilst obsen'ations on Recent coastal 
dunes show that, during gales, pebbles are thrown on to the dunes. 
Finally, (c) implies that theMousterian survived into the interstadial 
LGlj/LGlj, and that the Aurignacian cither co-existed or disappeared 
temporarily. 

Future research, especially careful investigation of new sections, 
will no doubt pro\ide the answer to the problem of the surv'ival of 
the Mousterian in middle Italy. There are, for instance, the 
numerous sea-caves of the Monte Circeo, the promontory bordering 
the Pontine Jlarshes on the south. These caves were mostly carved 
out by the sea of the Monastirian phase, and many contain Jlousterian 
and Aurignacian beds. The best known arc the Grotta dclle Capre 
and the Grotta del Fossellone (Blanc 1937c, 1939&), but recently 
Blanc has made a preliminary study of a good many other caves 
(1938/), among them one which contained a skull of Homo neandcr- 
ihaJensis. 

Groita Gualiari icUh Homo neandcrihalensis. This cave, the 
Grotta Guattari (Blanc 1939a, c, 1940, 1942 ; Zeuner, 1940) was 
completely sealed by rock-waste, ^^^len opened, it revealed a floor 
strewn with bones, and with a human skull Ij’ing on it. Only pre- 
liminary reports are available so far. The accompanying fauna 
indicates a climate of the woodland tj^pe. Cold elements are absent, 
unless one counts ibex as such. A Mousterian industrj’ was found 
at the entrance, covered by the debris which blocked the cave. 

Blanc is inclined to think that, as in the other caves of the Jlontc 
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Circeo, the cultural stratum rests on the deposits of the Monastirian 
beach. Since the cave is only 5 metres above sea-level and the 
maximum height of the lower Monastirian sea-level is 8 metres, the 
cave was used by man after the beginning of the regression of the 
sea which was to culminate in the first phase of the Last Glaciation, 
but before the local climate deteriorated to any great extent. This 
is the earliest possible date for the skull, the latest possible being the 
beginning of the second phase of the Last Glaciation when thermo- 
clastic weathering could for the last time have produced the quanti- 
ties of rock-waste which sealed the cave. The Neanderthal skull 
of the Grotta Guattari thus proves to be younger than the 
two skulls discovered at Saccopastore, near Rome, to be discussed 
presently. 

The skull from Grotta Guattari shows a large fracture over the 
right eye, due to a violent blow. The occipital foramen was enlarged 
artificially, after the manner of the modern Melanesian extracting the 
brain for culinary purposes. No other human bones, except a 
mandible possibly belonging to the skull, were found, and the skull 
lay in the middle of a circle of stones. Blanc concluded from these 
circumstances that the cave contained the remains of a ceremonial 
feast of cannibals. 

Saccopastore, Homo neanderthalensis. At Saccopastore, near the 
confluence of the River Aniene with the Tiber, just upstream from 
Rome, two Neanderthal skulls associated with a Mousterian industry 
were found in a gravel pit (Sergi, 1929, 1935, 1948 ; Breuil and Blanc, 
1935, 1936 ; Blanc, 1938g, 1939d, 1942, 1946 ; Koppel, 1935). Both 
skulls lay in fluviatile deposits of the Aniene, but evidence of wind 
action is found in the uppermost layers of the section (Breuil and 
Blanc, 1936). 

Koppel (1935), and Breuil and Blanc (1935, 1936) agree that this 
deposit was formed during the Last Interglacial. The aggradation 
of the terrace in which the human remains of Saccopastore are 
incorporated, can probably be correlated with one of the sea-levels 
of the Monastirian phase. The history of the lower Tiber and its 
affluent, the Aniene, is exceedingly complex, much more so than 
Lipparini (1935) believed, whose views were criticized by A. C. 
Blanc (1935c). Volcanism may have interfered with the eustatic 
rhythm of down-cutting and aggradation. The data which can be 
derived from the papers by A. C. and G. A. Blanc, Koppel, Sergi, 
Lipparini, Verri and others suggest that the system of terraces of 
the Tiber resembles that of the Thames (a) in the aggradations 
running into high-sea-level deposits, and (b) in the benches dropping 
into a sunk channel which, near the Porta S. Paolo in Rome, reaches 
dovm to at least 50 metres below sea-level. 

The Saccopastore deposits, the surface of which is at 21-23 
metres, cannot be older than the beach deposits of the Main Monas- 
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tirian phase which arc preserved at the foot of the hills towards tlie 
coastal plain, ns for instance at Pnlidoro (A. C. Blanc, lOSGe), at a 
height of 19 metres above sea-lcvcl. If the aggradation of the river 
at Saccopastorc is contemporaneous with the rise of tlic scn-levcl to 
this beach, the skulls would date from the early part of the Last 
Interglacial (JIain Monastirian). This suggestion is supported by 
indications that the next younger aggradation plain of Tiber -f 
Aniene, which is commonly regarded as the modern floodplain (10 
metres at the mouth of the Aniene) appears to connect with the 
Late Monastirian sea-level at the mouth of the Tiber. 

On the other hand, the fauna accompanying the skulls and 
Mousterian implements contains, apart from Hippopotamus and Bos 
primigenius, an extinct horse, Equus hpdrimtimts, a steppe form 
(G. A. Blanc, 1930, A. C. Blanc, 1946). The bed containing the skulls 
also produced six species of terrestrial snails, three of them with 
one specimen each, the three others (Candidtila profuga A. Schm., 
Zcnobiella incarnala Jlulh, Theba cartusiana MiiU. ssp. comptanaia 
Monte) frequent but represented by small specimens. Kcnnard, 
who determined the mollusca from Saccopastorc, stated that this 
impoverished, small-sized assemblage indicates either a cool climate 
or unfavourable local conditions. Its association with Eqints 
hydnintinus suggests a dry phase, with steppe conditions. This is 
all that can be deduced from the evidence. The interpretation in 
terms of climate, however, is ambiguous. ICennard and Blanc arc 
inclined to accept the evidence as a sign of cooler conditions and there- 
fore of the very beginning of the first phase of the Last Glaciation. 
This is the latest possible date for the Saccopastorc skulls. The 
more conclusive climatic evidence from the Versilia and the Pontine 
JIarshes, however, shows that the phases of the Last Glaciation were 
initiated not by a dry steppe phase but by a humid or oceanic phase, 
and there is reason to believe that the first phase was humid through- 
out in middle Italy. It is more likely, therefore, that the steppe 
phase of Saccopastorc is part of the Last Interglacial rather than the 
beginning of the Last Glaciation. This is corroborated to some 
extent by the snail fauna of one of the beds overlying the skull 
stratum. It has yielded a fauna of at least 16 species (Breuil and 
Blanc, 1936, p. 11) which are definitely characteristic of a humid 
and shady forest in a mild climate. 

Thus, as regards the geological age of the Saccopastorc skulls, 
one can either follow Blanc and place them late in the Last Inter- 
glacial or at the beginning of the Last Glaciation, or otherwise early 
in the Last Interglacial. It will be remembered that a similar 
alternative existed at the Monte Circeo. In both cases, Blanc 
favours a ‘ late ’ age, and in both an ‘ early ’ age is suggested by 
part of the evidence. In either case, however, Blanc is right in 
maintaining that the Saccopastorc skulls are relatively older than the 
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Monte Circeo skull. As regards the climatic chronology of the 
Mediterranean Pleistocene, it can be said that the steppe phase of 
Saccopastore is either a phase of the Last Interglacial, or, if con- 
temporary with the beginning of the Last Glaciation, a local pheno- 
menon. The botanical evidence of the Pontine Marshes (only 60 
km. from Saccopastore) and of the Versilia suggests that, normally, 
the climate was humid at the beginning of the Last Glaciation. 

The surroundings of Rome are certainly one of the most promising 
areas for Pleistocene research in Italy, with Saccopastore and its 
human remains, the terraces of the Tiber connected with volcanic 
deposits, and the marine beaches in the region of the mouth of the 
river. Palaeolithic implements other than Mousterian have come 
to light also ; G. A. Blanc has described an Abbevillian hand-axe 
(1935), and A. C. Blanc a Clactonian flake (1936d). 

Grotia Romanelli. The Grotta Romanelli is a sea-cave on the 
Adriatic coast of Apulia, below 40° N. lat. For some time its 
abundant lithic industry was the subject of controversy, some 
Italian archaeologists regarding it as Neolithic. But authorities 
like Issel and Mochi (1912) recognized its Palaeolithic character. 
The issue was finally settled by G. A. Blanc (1921, 1930) who exca- 
vated the cave with great care and discovered evidence for climatic 
phases contemporary with the Last Glaciation. A description of 
this site is found also in Vaufrey’s book on the Italian Palaeolithic 
(1928). Analyses of deposits were published by G. A. Blanc (1988, 
1941). The section (fig. 71 ; pi. XVII, figs. A, B) may be sum- 
marized and interpreted as follows, the lettering being taken from 
G. A. Blanc, and beginning with the earliest deposit ; 

(K) Resting on an irregular rock-floor at about 7-5 metres 
above low sea-level, a beach conglomerate is found which, on alti- 
metric evidence, can be correlated with the Late Monastirian phase 
of the Last Interglacial. On its surface, a discontinuous layer of 
ash and charcoal with bones of Hippopotamus, fallow-deer, &c., 
indicates a warm climate. Some flint blades and several limestone 
flakes have been recovered from this horizon, the flakes being 
described by G. A. Blanc as ‘ analogous to those which have been 
reported from the Grimaldi caves and the Grotte de I’Observatoire ’. 
This implies that they are not upper Palaeolithic in type. 

(I) Angular rock-waste up to one metre in thickness, in places 
with traces of decalciflcation and loamification. The fauna still 
indicates a Mediterranean climate. Faint beds of charcoal and 
ashes, and a few atypical flint and limestone flakes are the only 
evidence of the presence of man. 

(H) Stalagmitic horizon, about 20 cm. thick. Climate more 
humid. Fauna poor, apparently temperate rather than warm (hare 
and fox present). First, humid, phase of Last Glaciation. 

Once more the presence of man is evidenced by faint horizons of 
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charcoal, with burnt bones, but worked stone has not yet been 
found. 

(G) The ‘ Terra Ilossa a purplish-red, crumbly deposit of 
fine earth ■ndth small angular pieces of limestone, about 0-8 metres 
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Fio. 71. — Schematic section of Grotto RomancUi, soutlicm Apulia. For 
lettering, see text. — After G. A. Blanc (1021), from Zeuner (1014). 



thick. Probably of composite origin, weathered soil from the neigh- 
bourhood of the cave, and some colian sand, carried by wnd into 
the cave and mixed with debris from the roof. The fauna is warm 
and comparatively dry. Hippopotamus and Elcphas antiquus 
exclude a cold climate, two bustards indicate grasslands, fallow-deer 
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and red deer suggest the presence of some woodlands. Interstadial 
LGli„. 

The presence of man during this phase of genial climate is con- 
firmed by the discovery in situ of a number of stone implements. 
There are blades, points, scrapers, discs made from ends of blades 
or from short flakes, a ‘ ddpart de burin ’, a flake from a pebble, a 
spherical core, and a flat hammerstone of hard limestone. G. A. 
Blanc considers this industry as reminiscent of the upper Aurignacian 
of west and central Europe and also of the Capsian of North Africa. 
He emphasized the importance of the fact that, here, an upper 
Palaeolithic industry is found associated with a fauna comprising 
Hippopoimnus and Elephas aniiqmis. Vaufrey (1928, p. 61), how- 
ever, was inclined to call this industry Mousterian, but at the time 
when he pronounced this view Blanc’s figiues of the specimens 
(1930) had not yet appeared. 

(F) Discontinuous layer of stalagmite, up to 5 cm. thick, 
indicating a short, humid, phase. From the evidence provided by 
(E) to (A), it has to be inferred that this stalagmite was formed 
during the pseudopluvial subphase of LGlj. 

(E to A). The ‘ Terra Bruna ’, a brown, earthy deposit stratified 
by layers of fine sand and angular rock-waste. Blown into the cave 
by Avind and interstratified with local debris, but climate cooler than 
during the formation of the ‘ Terra Rossa ’, as indicated by the bro^vn 
colour and the abimdance of rock-waste in (C) and (D) which suggests 
thermoclastic (? frost) weathering. Thickness, over 3-5 metres. 

Fauna in agreement with the geological evidence for non-Mediter- 
ranean, comparatively cold conditions. Warm-Mediterranean ele- 
ments replaced by those of northern temperate Eiuope. Among 
the birds are found a remarkably large number of species which 
are now restricted to more or less northerly regions, for instance the 
great auk. ‘ Pluvial ’, of a continental character, possibly second 
subphase of LGl^. 

The Terra Bruna abounds in specimens of worked flint. They 
have been described by G. A. Blanc. Vaufrey (1928) too published 
some figures of implements from Romanelli. The industry belongs 
to the major group of the upper Aurignacian and can perhaps be 
classified as a variety of the Gravettian of Garrod (1938), or the 
Grimaldian (Vaufrey). A characteristic featiue is, however, the 
presence of microburins, which have been specially studied by A. C. 
Blanc (1939c). These are a feature of the Mesolithic of temperate 
Europe (Azilian and Tardenoisian), so that Blanc speaks of a pre- 
cocious appearance of Mesolithic technique and implements in this 
deposit. The cluonological difference is striking indeed, since (as 
will be shown presently) the microburins appear during the seeond 
phase of the Last Glaciation in southern Italy, and only after the 
third phase in temperate Europe. In the lower Capsian of North 
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Africa, however, microburins arc found, and in tiic Magdalcnian VI6 
of Avclinc’s Hole, a microburin Avas found (Garrod, 1920, fig. 14, 
no. 23), though it Avas not at first recognized ns such. There arc other 
microburins in the upper Palaeolithic of Europe. 

The upper Aurignacian of the Terra Bruna of Grolta Romanelli 
has further yielded bone points, some Avith cngraA'cd marks (?marq\ies 
de chassc), a series of perforated teeth of deer, and a number of lime- 
stone blocks Avith engraA’ings. EngraAungs, some representing con- 
ventionalized human figures and animals, arc found also on the 
walls and the roof of the caA'e (A. C. Blanc, 198S/i, 1940& ; Graziosi, 
1932). 

Thus, in the Grotta Romanelli, the upper Palaeolithic is found 
to liaA’e been present during the entire interstadial LGlj/„ i.c. per- 
haps slightly earlier than in many places farther north. It Avill be 
seen that the same applies to Palestine, though there the industrial 
phases of the upper Palaeolithic are not the same. Such differences 
AA'ill ultimately enable investigators to state the routes of immigration 
of upper Palaeolithic man. First attempts in this direction haA’e 
been made by Garrod (1938) and A. C. Blanc {1938&, c, 19S9c). We 
shall return to this interesting matter in the summary, p. 239, and 
again in Ciiapter IX. (Note (83), p, 421.) 

liahj, simmanj. The Italian evidence covers only the upper 
Pleistocene in any detail. FolloAving the clearly recognizable Avarm 
Late Monastirian phase of the Last Interglacial, three humid, or 
cool, phases can be distinguished, of Avhich the second aa’us decidedly 
cold and continental, though apparently immediately preceded by a 
more humid subphase. The three phases of the Last Glaciation can 
thus be correlated Avith three pluvial phases in Italy. Of these, the 
second AA’as the most intense, and the tliird appears to have been 
decidedly Aveak. 

Homo ncandertlialensis Avas present in Italy in the Last Liter- 
glacial and during the first phase of the Last Glaciation. This agrees 
AA’ith northern Europe. The upper Palaeolithic appears during the 
first interstadial of the Last Glaciation in the south of Italy ; since 
no Mousterian was found in the deposits of this phase in the Grotta 
Romanelli, it may be that the upper Palaeolithic was present here 
since the very beginning of the interstadial, Avliilst in temperate 
Europe and on the Riviera, the Mousterian appears to have lasted 
into this phase. But the chronological difference is slight, and it is 
based on negative evidence only. In the coastal plains of the Versilia 
and the Pontine Marshes, hoAvever, ^lousterian may have continued 
into LGlj and perhaps even survived this phase. This claim of local 
survival of the Mousterian requires further confirmation, though it 
finds support in similar survivals in northern France and Derby- 
shire. On the other hand, neither in the Versilia nor in the Pontine 
Marshes are Jlousterian and upper Palaeolithic as clearly separated 
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stratigraphically as one could wish. The question may therefore he 
raised whether they were chronologically distinct, whether they co- 
existed for some time ; or, at least in part, were constituents of one 
and the same, transitional, mixed, industry. 

D. THE SOUTHERN SHORE OF THE MEDITERRANEAN 

Palestine, Mount Carmel caves. Among the countries bordering 
the Mediterranean on the south, Palestine and Syria are the only 
ones where, up to the present, thorough work has established a 
sequence of pluvial phases with which the succession of prehistoric 
industries can be correlated. The most important is the work of 
Garrod and Bate on the caves of Mount Carmel ; its outstanding 
significance lies in the fact that it has strongly suggested that the 
number of damp phases, or pluvials, of the upper Pleistocene is at 
least two, and that they were preceded by another humid period 
which appears to correspond to the Penultimate Glaciation. It is 
clear, therefore, that theories explaining the pluvial phases, which 
require one pluvial for each glaciation, or one pluvial for each two 
glaciations, are difficult to maintain in the Mediterranean. 

The deposits of the caves of Mount Carmel were described by 
Garrod and Bate in a comprehensive monograph (1987). Two of 
the caves are particularly important from our point of view, namely 
Tabun and Wad, and the following summary of the succession is 
chiefly based on these. A diagram (fig. 72) will help in understanding 
the various changes. The fluctuations in humidity of the climate 
are expressed by the relative frequency of fallow-deer (a woodland 
form) and gazelle (a steppe form), a method which has been applied by 
Miss Bate with great success. 

At the time of the formation of the earliest fossiliferous layer, 
Tabun (F), the fauna as a whole suggests a warm and damp climate. 
Upper Acheulian is present. 

In the following stratum, Tabun (E), forest predominated, and 
the uppermost Acheulian (Micoquian) was present. Towards the 
end of this phase, grasslands extended their domain and attained to 
a maximiun while the next two layers were being formed, Tabun 
(D) and (C). These contain lower Levalloiso-Mousterian. 

A Neanderthaloid female skeleton, and a male jaw, were found 
in level C of the Tabun cave. This proves that Neanderthal man 
was contemporary with the lower Levalloiso-Mousterian of this 
comparatively dry phase which, as will be shown later, represents 
the latter part of the Last Interglacial. In the neighbouring Skhul 
cave, however, a deposit containing the same industry, but a damper 
fauna (Bate, 1937, p. 148), with a frequent large Bos, and with 
fallow deer more common than in Tabun C, yielded burials of nine 
individuals with mixed H. sapiens and neanderthalensis characters. 
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some approaching TI. sapiens doscly (McCo\rn and Keith, 1039). 
According to Bate, ‘ heavier rainfall had started, prior to the wet 
period of Tabun B which indicates tlie beginning of the first plurinl 
phase corresponding to the Last Glaciation. These human remains 
will be discussed further in Chapter IX. 
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no. 72. — ^Ilclative frequency of Gazelle and Fallow Deer, indicating climatic 
conditions, in the deposits of the Mount Carmel caves, Palestine. Prehistoric 
industries on the left, — Modified, after Bate, in Garrod and Bate (1037). 


The dry phase of Tabun (D) and (C) was followed bj' a long period 
of forest conditions, suggesting on the whole a damper climate. 
There is eridence for two maxima of forest development, one during 
the upper Levalloiso-JIousterian, in Tabun (B), and the other during 
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Wad (D) with its middle Aurignacian. They are separated by a 
drier phase with post-Levalloiso-Mousterian and early middle Aurig- 
nacian, in Wad (F) and (E). 

Following this double maximum of humidity, conditions have 
tended to become increasingly drier. Wad (C), with Atlitian (middle 
Aurignacian), shows this, and so do the Mesolithic deposits of Wad 
(B). This Mesolithic (‘Natufian’) contains the domesticated dog. 
Miss Bate (1940) has found indications that the Mesolithic was 
followed by a slightly damper phase which, however, did not persist. 
This suggestion is corroborated by other evidence from the Sahara 
and southern Arabia (p. 248). Miss Garrod has in fact pointed out 
that there is a gap in the archaeological record of the Wad cave, 
between layers (C) and (B), which is filled in part by the successions 
of the Kebarah cave, Jabrud (Rust, 1950), and El Khiam (Neuville, 
1951). These, therefore, deserve special attention from the palaeo- 
elimatic point of view. 

Now, as to the correlation of the climatic phases with the glacial 
phases of Europe, there are three pluvial phases available in Mount 
Carmel, not counting the post-Mesolithic one which belongs to the 
Postglacial. It is impossible to correlate these three pluvial phases 
with the three phases of the Last Glaciation since (a) the last two 
damp phases are more closely linked, and separated from the first by 
a more intense and prolonged dry phase than that which separates 
them from one another, and (6) the fauna changes suddenly at the 
beginning of the second pluvial. A similar change in the terrestrial 
fauna marks the beginning of the Last Glaciation in Evuope. It is 
likely, therefore, that the second and third pluvials of the Mount 
Carmel succession correspond to the first and second phases of the 
Last Glaciation in temperate Europe. The first pluvial of Mount 
Carmel should then represent the Penultimate Glaciation. If this 
interpretation is correct, the third phase of the Last Glaciation has 
left no traces in Mount Carmel, but fresh evidence from other sites 
suggests that it may exist (Note (34), p. 421). 

Archaeological evidence, as fmnished by Mount Carmel, confirms 
this correlation in a most convincing manner. The succession of 
industries in relation to climatic fluctuations is, broadly speaking, 
much the same in Palestine and in Europe. During the Last Inter- 
glacial, the Acheulian is replaced by a Levalloiso-Mousterian industry. 
The first phase of the Last Glaciation still belongs to the Levalloiso- 
Mousterian. The upper Palaeolithic appears only in the interstadial 
LGlj/j. Upper Palaeolithic survives the second phase of the Last 
Glaciation and is replaced by Mesolithic at a time after LGlj which 
is suggested by Jabrud and Ksar ‘Akil in Syria (Ewing, 1947). 

In detail, however, differences between the Palestinian and 
Emopean successions are apparent. The task of discussing these 
must on the whole be left to the typologists, though a few 
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implications of botli the detailed relative, and the absolute 
clironologj' will be mentioned in the summarj* (p. 239), and in 
Chapter IX. (Regarding recent work on SjTia, Note (3t), p. 421.) 

Egypt. The chronology of the Pleistocene deposits of Egypt and 
their contained Palaeolithic industries is still not clear, in spite of 
mueh valuable work which has been done. The terraces of the Nile 
have been the subject of intensive study by Sandford and Arkcll 
(1929-1939) and Ball (1939). The lake-levels of tlie Faiyoum depres- 
sion were investigated by Sandford and Arkell (1929), Caton-Tliomp- 
son and Gardner (192C, 1929, 1934), Little (193C), Caton-Thompson, 
Gardner and Huzaj-jdn (1937) and others, and Huzayyin (1941) has 
published a comprehensive survey of all the work done. 

The basic difficulty of Palaeolithic chronologj' in Egyjit is the 
lack of definite connection of the Nile terraces with sea-level stages 
of the Jlediterrancan. Different methods of bridging the gap were 
designed by Sandford and by Ball. The srritcr, in conjunction with 
Sir. Day Kimball, tlicrcforc, has critically studied the publications 
on the subject in order to arrive at the minimum skeleton of a 
chronology which may be regarded as reasonably well supported by 
evidence. 

The terraces of the Nile between El Fasha (about 80 kilometres 
south of the Faiyoum) and Cairo were plotted in a longitudinal profile 
from the evidence prosnded by Sandford and Arkell, Ball, Little and 
Huzaj’j’in. Points which appeared to be ambiguous were excluded. 
The remainder was projected on to a carefully constructed profile, 
in which the floodplain outside the belt of Icvdcs was used as the 
base-line. This w'as found to be parallel with the water-level in the 
river. The outcome of this rc\dsion, in which conditions were applied 
which were more rigorous than those applied by the original authors, 
was that Sandford’s system of terraces has to be regarded ns reliable. 
It is with this system, therefore, that the ancient sea-levels at the 
mouth of the Nile, and also the lake-levels of the Faiyoum depression, 
have to be connected. 

Unfortunately, for a direct linking by geological evidence the 
evidence is not yet sufficiently complete. The lake-levels of the 
Faiyoum have been re-investigated by Little. Four of these levels 
are important for Palaeolithic chronology, namely those of 42, 84, 
28, and 28-24 metres above sea-level. The geological evidence and 
considerations of river mechanics suggest that the first three of these 
correspond to the Nile terraces of 18, 9 and 4 metres above the 
floodplain. But alternative correlations are perfectly possible (for 
instance Huzayyin, 1941 ; Caton-Thompson, 1940, 1947), and the 
climatic deductions that may be drawn are inconelusive. 

As to the connection of the Nile terraces with the interglacial 
levels of the Mediterranean Sea, it is necessary to account for the 
existence in the past of a delta, of unknowm dimensions. It is on 
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this point that Sandford’s and Ball’s views differed most widely. 
Since at the time when these authors were studying the problem, 
no evidence for ancient shore-lines on either side of the delta had been 
available, their attempts to bridge the gap were inevitably specula- 
tive. In the meantime, some evidence has been found which, though 
it does not remove the element of speculation entirely, at least 
affords a solid ‘ hinge ’ in the form of a sequence of raised beaches. 
These lie to the west of Alexandria in the hinterland of Arabs Gulf. 

The raised beaches consist of stretches of consolidated coastal 
bars containing ancient lagoon floors. Physiographically, these bars 
and lagoons are of the type whose mode of formation was described 
by Johnson (1919, p. 350), and they are being formed in Arabs Gulf 
at the present day. Good topographical maps exist, and the follow- 
ing sequence of bars was identified. In this work, Mr. Roger 
Summers contributed his intimate personal acquaintance with the 
area. 

Bars of Arabs Gulf, beginning with the highest that can be 
identified : 

(1) Alam Shaltut bar, sea-level at 103 metres. Sicilian A. 

(2) Ragabit el Halif bar, sea-level at 90 metres. Sicilian B. 

(3) Mikheirta bar, sea-level at 85 metres, Sicilian C. 

(4) Alam el Haifa bar, sea-level at 80-100 metres. Sicilian D. 

(5) Gebel Bein Gabir bar, sea-level at 80 metres. Sicilian E. 

(6) Ruweisat bar, sea-level at 58 metres. Milazzian, First 
Interglacial. 

(7) Sanakra-Habbub bar, sea-level at 35 metres. Tyrrhenian, 
Great Interglacial. 

(8) Gebel Maryut bar, sea-level at 15-20 metres. Main Monas- 
tirian, first part of Last Interglacial. 

(9) Gebel Abu Sir bar. sea-level at 5-10 metres. Late Monas- 
tirian, second part of Last Interglacial. 

(10) Harbour Island bar, sea-level about the same as to-day, but 
separated from it by a phase of low sea-level. This stage appears 
to be the same as the Lower Floodplain stage of the Thames (Zeuner, 
1945, p. 134), also identified as a platform of abrasion in the Channel 
Islands, and probably corresponding to the First Interstadial of the 
Last Glaciation. 

Egypt, summary. Apart from the fact that these ancient shore- 
lines supply evidence for the succession of interglacial sea-levels with 
which the Nile must have communicated, the positions of the bars 
indicate clearly that the shore-line has advanced relatively little. 
The size of the delta, therefore, has increased but moderately since 
early Pleistocene times. This enables one to arrive at the important 
decision that Ball’s hypothesis of delta-growth is not in accordance 
with the evidence and has to be discarded. The tentative correlation 
of sea-levels with Nile terraces which emerges from the scanty 
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information available for the ■western side of the modem delta 
supports Sandford and ArkcH’s earlier constnietion. Thus, at the 
present, the correlation ■u'ould appear to be as on p, 285. 

This table is not altogether satisfactor}'. One might wish to 
make the Epi-Levalloisian later than the First Intcrstadial of the 
Last Glaciation. How reliable the exact correlation of industries 
•with Faiyoum lake-levels is, remains to be seen, and there arc possibly 
complications in the lake-level sequence such as the duplication of 
the 84-metrc level suggested by Caton-Thompson (1940). But the 
elimination of Ball’s hj^jothesis of delta formation simplifies the 
position. How many alternatives had become possible as the result 
of Ball’s suggestion was sho'wn by Caton-Thompson. Further work 
in the cmcial areas, i.c. the Nilc-Faij’oum divide and the area between 
Cairo, the Delta, Alexandria and the Wady Natrun, ■vrill reduce them 
still further. 

Syrian Coast. Wetzel and Haller (1945) have studied the ancient 
shore-lines of the coast of Sjtia. The beaches retain constant heights 
above the present sea-level, so that tectonic movements may be 
regarded as negligible. The shore-lines arc found at the following 
heights above the present sea-level : 95, 55-CO, 45, 80-435, 15, G, and 
8-4 metres. The regression following the 95-mctrc level is not 
evidenced. But the 55-60-metrc stage is clearly followed by a 
regression after which the sea rose to 45 metres. Again, no evidence 
has been found for a regression separating the 45- and 35-metrc 
stages, but the 15- and 6-mctrc stages are each preceded by a regres- 
sion. The C-metre stage is followed by a pronounced regression to 
below present sea-level, after which the 3-4-metre stage occurred. 

It appears reasonable to correlate the 95-mctrc stage with one 
of the Sicilian phases of Arabs Gulf, the 55-CO-metre stage with the 
Milazzian, and the 85-metrc stage 'with the Tyrrhenian. The inter- 
calated 45-metre stage has its counterpart in the suspected corre- 
sponding stage at Arabs Gulf. The 15- and 6-mctre stages appear 
to represent the Monastirian, as everywhere. One would be tempted 
to link the 3-4-metre stage of Syria with the Harbour Island phase 
of Arabs Gulf, but it contains Iron Age according to Wetzel and 
Haller. It may therefore be the equivalent of the latest high sea- 
level observed in the Postglacial of the North Sea area ; unless the 
archaeological e^ddence w'as not in situ. 

A simple flake industry, comparable •with the Tayacian, occurs 
in red soil formed after the 55-60-metrc stage. Hand-axes of 
Acheulian aspect weather out from deposits which are not later than 
the 85-metre level. Implements of Levalloisian and moustcrioid 
type are frequent on the 15- and C-metre beaches. Upper Palaeo- 
lithic, found in caves, is later than the G-metre beach, and therefore 
later than the Last Interglacial. This succession agrees, broadly 
speaking, with that established in Europe. (Note (84), p. 421.) 
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Tr«/mi North Africa. For the north coast of Africa, which is so 
prolific from the archaeologist’s point of view, climatic evidence is 
as yet insufficient^ The relation of early man to the Main Mon* 
astirian sea-level has been elucidated by Doumcrguc’s papers (192'J, 
1934). At St. Roch-sur-5Icr, Algiers, there is a sea-cave slightly 
above tlie present sea-level. It must have been formed during or 
after the IS metres high level. It is filled with terrestrial deposits 
containing a Moustcrian industry which, therefore, post-dates the 
18 metres phase. Another Moustcrian or I.,cvaltoisi.an site was 
described by Doumerguc from Karouba. It lay on the IS metres 
deposits with Slromhus-iaana and confirmed the conclusion that at 
least part of the Jloustcrian or Lcvalloisian is later than this, the 
Main Monastirian, level. This agrees with observations made else- 
where. For Timisia and Morocco sec Notes (35) and (30). 

E. rVESTERN* MEDITERRAKEAK AN'D SPAIN' 

Gibraltar, Devils Toxccr. The famous rock-shelter of Devils 
Tower, Gibraltar, has not provided a climatic succession. An 
attempt to fit it into the general clunnologj', however, is worth while. 
The site was discovered by Breuil and excavated by Miss Garrod 
(1928). It gelded Ho7no ncanderthalcnsis and a Moustcrian industry, 
resting on a marine beach 8-5 metres above the present scn-lcvd. 
The position renders any age earlier tlian Late Jlonnstirian unlikely. 
Since the cave appears to have been entered by the waves of this 
phase of the Last Interglacial, the deposits containing e^^dcncc of 
early man can, at the earliest, date from the time of the recession of 
the sea from this high level to the low level of the first phase of the 
Last Glaciation. This is confirmed by Gorham’s Cave (^Yncchter, 
1951 ; Zeuncr, 1954 ; Note (37), p. 423). 

The vertebrate fauna, determined by Miss Bate (1928), indicates 
a climate somewhat cooler and damper than the present and there- 
fore supports the conclusion just arrived at, ibex being frequent, 
and the great auk and the alpine chough present. The Devils 
Tower deposit is thus best regarded as dating from the beginning of 
the first phase of the Last Glaciation. The Neanderthal skull and 
the accompanying Moustcrian are, on this view, contemporaiy with 
the skull from the Monte Circco in Italy (p. 222). 

Olha, Basses-Pi/rinies. The Pleistocene climatic fluctuations and 
their relation to the Palaeolitliic industries in northern Spain is 
illustrated by the Castillo cave, near Villacaricdo, in the province of 
Santander, and on the French side of the western PjTcnccs by the 
rock-shelter of Olha (Basses-PjTdndes). 

As demonstrated by Oberraaier (1924, 1935, 1937a) and A. C. 
Blanc (1937d), there is faunal evidence at OUia for a change from 
warm to cold conditions during the Moustcrian, the lower Moustcrian 
' See Iluzajyin (1041). 
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beds contaming Dicerorhimis Tnerchiiand a deer (not reindeer), whilst 
the higher Mousterian Levels are accompanied by reindeer, woolly 
rhinoceros and mammoth. The climate of the higher Mousterian 
level, therefore, appears to have been fairly cold on the French side 
of the western Pyrenees. 

Castillo cave, north Spain. In the Castillo cave, however, the 
faunal change is not the same. The sequence of deposits of this 
important locality is as follows (Obermaier 1924', pp. 161-6 ; Blanc 
1937d, p. 11) : 

(Z) Recent detritus. 

(Y) Stalagmitic deposit. 

(X) Eneolithic industry. 

(W) Azilian industry with flattened harpoons. 

(V) Stalagmitic deposit. 

(U) Late Magdalenian industry, including harpoons with a 
single row of barbs and perforated base. Fauna chiefly red deer. 
Cyprina isla7idica. 

(T) Clay layer, almost sterile. 

(S) Early Magdalenian. An enormous deposit of ashes, nearly 
six feet deep. Flint implements poor, but many artifacts in bone 
and horn. Human remains. Chief among the fauna red deer, also 
a few remains of reindeer. Cyprina islandica. 

(R) Clay layer, almost sterile. 

(Q) Early Solutrian, with laurel leaf points without concave 
base. Fauna consisting chiefly of horse. A few remains of reindeer. 
Cyprina islandica. 

(P) Clay layer, almost sterile. 

(0) Late Aurignacian, with typical Gravette points. Fauna 
consisting chiefly of horse, with a few remains of reindeer. ‘ Aurigna- 
cian A.’ 

(N) Clay layer, almost sterile. 

(M) Late Aurignacian, a few industrial remains. Principal 
fauna, horse. ‘ Amignacian B.’ 

(L) Clay layer, almost sterile. 

(K) Late Aurignacian, few industrial remains. Principal fauna, 
horse. ‘ Aurignacian C.’ 

(1) Clay layer, almost sterile. 

(H) Middle Aurignacian, keeled scrapers, and bone points with 
cleft base. Scattered human remains. Prineipal fauna, red deer 
and Dicerorhinus rnerckii. ‘ Aurignacian D.’ 

(G) Stalagmitic deposit. 

(F) Late Mousterian industry in stone, small but characteristic, 
including hand-points and scrapers. Many large implements in 
quartzite, serpentine, sandstone and limestone. Principal fauna, 
red deer, D. merckii, and Elephas antiquus. ‘ Mousterian A.’ 

(E) Clay layer, almost sterile. 
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(D) Late Jloustcrian industrj- ■with finely made small forms. 
Few large quartzite implements. Principal fauna, red deer and 
D. mcrckii. ‘ Moustcrian B.’ 

(C) Stalagmitic deposit. 

(B) Early Acheulian, with tj'pical hand-axes, worked on both 
sides. Much worked limestone. Ochre. Principal fauna, red deer 
and D. nierckii. ‘ Isidrense.’ 

(A) Clay, with a few atjqiical implements and remains of hc.arlh 
fires. Principal fauna, cave-bear and, rarely, reindeer and marmot. 

‘ Lower Isidrense.’ 

( — ) Rock bottom of cave. 

In this cave, a basal deposit with reindeer and marmot suggests 
a cold phase older than any so far considered, since it is coverctl by 
a stratum containing early Acheulian and since the remaining 
succession accounts for the three phases of the Last Glaciation. 
Layer (A), therefore, dates at least from the Penultimate Glaciation. 
Layer (B), containing the Acheulian, is associated with a forest 
fauna which, for northern Spain, suggests temperate, interglacial or 
interstadial conditions. Layer (C), a stalagmite, suggests a damp 
phase. After tliis, the succession can be fitted into the frame-work 
of the chronologj’ of the upper Pleistocene. 

In layers (D) to (F) (not considering the sterile horizons), a late 
Jlousterian is associated with a forest fauna, from which cold elements 
are absent. A damp phase followed (layer (G)), c^^dcnced by a 
stalagmite. Remembering that in other parts of southern Europe 
damp phases appear to represent the glacial phases of the north, it 
is conceivable that the stalagmite (G) is the equivalent of the cold 
Mousterian deposit at Olha and, thus, of the first phase of the Last 
Glaciation. The absence of cold fauna from the Castillo cave may 
be explained either by assiuning that it is accidental, no man or 
beast having lived in the cave during this cool phase, or by sajdng 
that here, south (more correctly west) of the great barrier of the 
PjTenees, the cold fauna joined with a certain retardation, appearing 
only with the second phase of the Last Glaciation (A. C. Blanc, 
1937d, p. 13). If this is correct, the first phase of the Last Glaciation 
would have been felt as a cold phase in southern France, and as a 
damp phase in northern Spain. 

In layer (H) a temperate forest fauna is associated with middle 
Aurignacian. Being intercalated between deposits datable as LGl, 
and LGl., (H) represents the interstadial LGlj/.. 

Witli layer (K) a series of a different aspect begins. The pre- 
dominant faunal element is the horse, which may be taken as signi- 
fying steppe enraonment. With it, the late Aurignacian (Gravet- 
tian) appears. The horse remains predominant through layers (M), 
(0), up to (Q), in wliich the Aurignacian is replaced by the Solulrian. 
In (0) and (Q), the reindeer appears, indicating that the steppe had 
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become cold. A lowering of the temperature is further confirmed 
in (Q) by the presence of the marine shell Cyprina islandica which 
no longer lives on the coast of northern Spain. One thus gains the 
impression that the climate deteriorated from (H) to (Q), and that 
forests were replaced by cold steppe. 

The following fossiliferous horizon, (S), is still cold, since reindeer 
is present, but forests must have begun to spread, since the red deer 
becomes the dominant species. Early Magdalenian replaces the 
Solutrian. C. islandica is still found. 

In layer (U), the fauna indicates a further improvement of the 
climate, since the reindeer has disappeared. Red deer suggests 
forests. But the temperature had apparently not returned to the 
present-day level, since C. islandica still persisted in the neighbouring 
sea. This is the time of the late Magdalenian. 

A stalagmitic deposit (V) covers immediately this late Mag- 
dalenian layer. It may be taken as evidence of a damp phase. 
Thereafter, the climate reverted to a less damp type, and the Meso- 
lithic appeared (W). The tlmee layers (U), (V) and (W) suggest 
that a damp phase occurred which was bordered by the late 
Magdalenian below and the Mesolithic above. 

It is evident that one decidedly cold phase is contained in this 
succession, proved by (K) to (Q). It was followed by a moderate 
improvement of the climate, in (S) and (U), and by a decidedly 
damp phase. The Solutrian coincides with the maximum of the 
cold phase, the approach to which is marked by the late Aurignacian, 
and the decline of which by the Magdalenian. The damp phase is 
immediately followed by the Mesolitliic. This succession resembles 
that of the second and third phases of the Last Glaciation of central 
Europe so much that it may be regarded as probably correct. 

In northern Spain, therefore, we observe a threefold division of 
the Last Glaciation, into a damp first phase, a dry and cold second 
phase, and a damp third phase. The ages of the Palaeolithic 
industries relative to the climatic phases are more or less the same 
as observed in central Europe. 

F. CHRONOLOGY OF THE JIEDITERKANEAN PALAEOLITHIC 

Early phases up to the beginning of the Last Glaciation. The 
climatic phases and the succession of human industries during the 
(middle and) upper Pleistocene of the Mediterranean are summarized 
in the table, fig. 73. 

Although the evidence for the correlation of pluvial phases with 
glacial phases is not yet as complete as one could ivish, it must be ad- 
mitted that the results so far achieved are consistent with one another 
and also with the astronomical theory. The tripartition of the Last 
Glaciation is evident in the north of the Mediterranean, but not so in 
the south, where the tliird phase appears to have been much weaker. 
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Archaeologically, the absolute chronolog}* suggested by this 
correlation is of much less interest than the small differences in 
relative timing that become apparent. Here again, the available 
e\-idcnce is lughly suggestive, but not yet complete enough to say 
that we are on perfectly safe ground. 

During the Last Interglacial, we meet with Jlicoquian and lower 
Levalloiso-JIoustcrian in Palestine, and with Acheulian and a 
mousterioid industrj* in the Ris-icra. This is quite consistent, and 
the siraligraphical evidence so far does not suggest any regional or 
chronological replacement of hand-axe by flake culture, or vice versa. 
Only towards the end of the interglacial, Jloustcrian, or a corre- 
sponding Levallolsian appears to prevail everj-where, the Acheulian 
ha%-ing disappeared from the scene. This development agrees wth 
that observed in temperate Europe. 

The first phase of the Last Glaciation was witnessed by Moustcrian 
and Levalloisian man in temperate Europe. In the Jlcditcrrancan, 
we find precisely the same, over more than ten degrees of latitude 
and over thirty degrees of longitude. Homo neandcrihaiensis is the 
only human species found. 

Homo sapiens and upper Palaeolithic in the first intersiadial of the 
Last Glaciation. With the beginning of the first interstadial of the 
Last Glaciation, regional differences become more apparent. They 
are significant because they are closely connected with the immigra- 
tion of H. sapiens into Europe. In the preceding description of 
sites which are important from the standpoint of climatic and 
absolute chronolog}*, I have as a rule adopted the nomenclature of 
the industries used by the authors themselves. It is now necessary 
to raise this evidence on to the comprehensive plane provided by 
Miss Garrod’s analysis of the upper Palaeolithic (1936, 1938). In 
doing so, it must be remembered that this important interstadial was 
by no means short, since 30,000 years may safely be assigned to it. 
This is a period long enough to permit of vast migrations and of 
repeated wholesale replacements of cultures over wide areas. 

Typolo^cally, three main groups of industries are now distin- 
guished by hliss Garrod in the Mediterranean, wliich correspond 
roughly to the older dudsions of lower, middle and upper Aurignacian : 


Old Terminology 

JscTT Tenntnology 

Upper Aurignacian 

Grimaldian (partly contemporary with upper GravetUan) 
Upper Gravettian (including Font Robert) 


Lower Gravettian 

Middle Aurignacian 

Aurignacian s. str. 

Lower Aurignacian 

Chatelperronian 


Strange to say, the Chatelperronian is much restricted in distribu- 
tion, being confined to France and perhaps Palestine ; it has been 











MEDITERRANEAN PLEISTOCENE AND PALAEOLITHIC 243 

recorded from Poland (Garrod, 1938, p, 20). Its presence in East 
Africa is no longer accepted. Unfortunately, the French Chatel- 
perronian has not yet been fitted into the detailed climatic chronology, 
so that we are unable to say whether it belongs to the interstadial 
LGli/j, or is earlier. This is a question which requires an answer, 
since the supposed Palestinian Chatelperronian, which is less primitive 
than that from France, follows the pluvial of LGl^ apparently without 
any delay (Wad F, fig. 72). It is conceivable, therefore, that the 
true primitive Chatelperronian is earlier than this, and contemporary 
with the first phase of the Last Glaciation, or even earlier stiU. 
There is one good reason which points to this possibility, namely the 
presence of a Chatelperronian element in the Micoquian of Palestine 
(Garrod and Bate, 1937, Tabun Ea and Eb), during the early half of 
the Last Interglacial. Furthermore, one might well explain the 
scarcity of Chatelperronian in Europe with the more general presence 
of Jlousterian and Levalloisian during the late LIgl, and LGlj. We 
would therefore have to visualize upper Palaeolithic man, or his 
ancestor (? a saptens~type), present in some parts of the world 
during the Last Interglacial, spreading to Europe and occupjdng 
restricted areas during the first phase of the Last Glaciation while 
Neanderthal man was dominating the scene, but not succeeding in 
ousting the latter with his Mousterian or mousterioid industry. As 
has been pointed out by A. C. Blanc (1938i>, p. 12) and Coon (1939, 
p. 25 ; see Chapter IX, p. 801) the contemporaneity of the two types 
of man is suggested by the mixture of their characters obseiwed in 
the skeletons from the Skhul cave in Palestine.^ The layers from 
which the skeletons came, were formed either at the end of the Last 
Interglacial, or during the first pluvial phase of the Last Glaciation. 
The existence of H. sapiens alongside of H. neanderthalensis for some 
time prior to the first interstadial of the Last Glaciation is, therefore, 
probable. 

At the beginning of the interstadial in question, we thus find 
Mousterian surviving in certain areas, at least for a short while. 
This seems to apply to the Riviera, and Blanc has claimed it for 
the Pontine Marshes, though here this view is based on the occur- 
rence of Mousterian in the following cold phase, not in deposits of 
the interstadial itself. IVhether any Chatelperronian existed at this 
stage, we cannot say. However, the scarcity of sites with industries 
from the beginning of the interstadial creates the impression of a 
certain gap, as if the population of Europe and the northern Mediter- 
ranean was extremely thin. The Chatelperronians did not spread 
at the expense of the Mousterians. 

Instead, we find that, when the mild conditions of the inter- 

I describers, Keith and McCown (1937), it should be said 

that they prefer to regard Mount Carmel man rather ns a transitional type than 
a hybrid race. 
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stadial were properly established, a new immigration brought the 
middle Aurignacian to Europe (now ‘ Aurignacian ’ proper). Its 
typological relationship to the Chntelpcrronian is not clear (Garrod, 
1938, p. 20). Clironologically, it occupie.s the second half of the 
interstadial LGl„j in Palestine, whilst in western Europe it is found 
cither in late deposits of the same phase, or in a chronologically 
uncertain position. It appears to have spread from the cast (Garrod, 
1938, fig. G), but it also reached Italy.' 

The cultural complc-xity of the first interstadial is further increased 
by the presence of a variety of the upper Palaeolithic in south Italy. 
The ‘ Terra Rossa ’ of the Grotta Romanclli contains an industry 
which G. A. Blanc, and also Obermaicr (1937), assign to the 
Grimaldian. Affinities to the Capsian of North Africa are noted ns 
well. If these claims can be substantiated, the Grimaldian of the 
Terra Rossa of Romnnelli, from the interstadial LGl„j, would be the 
earliest in Europe. The implications of such a date are considerable 
(see also p. 294), since it might suggest a southern route of immigra- 
tion. But much depends on the definition of the terms Grimaldian 
and Capsian and on fresh c\ndcncc. 

Second and third phases of the Last Glaciation, Elsewhere, tiie 
upper Aurignacian, cither in the form of the Gravettian, or the 
Grimaldian (chiefly in Italy), is characteristic of the second phase of 
the Last Glaciation. 

Typical Gravettian comes from France, where its precise chrono- 
logical position has not yet been studied. But judging by the fact 
that it immediately precedes the short-lived Solutrian, which in 
central Europe is confined to the maximum of LG1„ the typical 
Gravettian presumably dates from the first half of this cold phase, 
though it might have continued on in areas where the Solutrian docs 
not provide a datum line. In the northern Mediterranean, the 
Grimaldian largely replaces the Gravettian. It is typical of the cold- 
continental phase of LGU in Italy (Romanclli, with supposed Capsian 
affinites, considered by A. C. Blanc as precocious Mesolithic features). 
A local survival of the Grimaldian into the interstadial LGlj,, is 
possible, though suggested only by the somewhat unsatisfactory 
evidence from the Versilia and the Pontine Marshes (p. 214, p, 219). 

The problem of the local survival both of the Mousterian and of the 
Grimaldian is worthy of further investigation. A. C. Blanc (1938&, c) 
has developed a theory, according to which the replacement of 
the Jlousterian by upper Palaeolithic was, in parts of Italy, spread 
over a much longer period than is here advocated, the last traces 
of the Mousterian disappearing only during the interstadial LGlj.,. 

> Blanc (1D396) described it from the Grotta del Fosscllonc not far from the 
Pontine Jlarshcs. Its chronological position is not certain, however, except that 
it post-dates the Past Interglacial and a Mousterian stratum from which it i« 
separated by a steriic layer. 
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Very natiirally, the sequence of industries for the interstadial 
LGI 2/3 and the phase LGI 3 can be traced in the northern Mediter- 
ranean only, where distinguishable deposits have been found. Much 
remains to be investigated here. Fortunately, the sequence of the 
Riparo Mochi near Grimaldi, on which A. C. Blanc has published a 
preliminary report, promises to throw further light on this part of 
archaeological chronology. Here, the interstadial LGL /3 contains a 
microlithic variant of the upper Palaeolithic, and LGI 3 an industry 
reminiscent of Magdalenian or Capsian. Evidently, these industries 
require further and more detailed study. 

The beginning of the Mesolithic which in temperate Europe can 
be dated as following the maximum of LGI 3 , may have to be placed 
earlier in the south. This question remains entirely open, and any 
answer is rendered difficult by the practical impossibility of a sharp 
distinction between upper Palaeolithic and Mesolithic. Indisput- 
ably Mesolithic cultiures, however, are present in the Riviera and 
northern Spain following the third phase of the Last Glaciation. 
This is in agreement with temperate Europe. Farther south, the 
stratigraphical position of the Mesolithic is uncertain. In Palestine, 
where no evidence for LGI 3 is available, a gap in the sequence of the 
Carmel caves exists between Wad C (late middle Aiwignacian) and 
Wad B (Natufian, Mesolithic) (Garrod, 1937, p. 117). This gap is 
filled at el-Kebarah and elsewhere by the Kebaran. In Syria, 
however, a LGlg phase is perhaps suggested at Ksar ‘Akil, and 
possibly associated with Kebaran (Note 34, p. 421). Even so, the 
age of the Palestinian Mesolithic, the highly-developed Natufian, 
remains uncertain. But it should not be assumed that the Mesolithic 
must be Postglacial everywhere. 


CHAPTER VIII 

CLIMATIC PHASES, EARLY lilAN AND HUMAN INDUSTRIES 
IN AFRICA, ASIA, AUSTRALIA AND AMERICA 

The extension of the detailed relative chronology, and of the 
absolute chronology based on the astronomical theory, to parts of 
the world other than the northern temperate zone and the Mediter- 
ranean encounters many difficulties. The basic obstacle is, of course, 
the scarcity of well-studied sections, the second, the difficulty of 
interpreting Pleistocene deposits correctly in climatic terms, the 
third, that of the differences of the faunas, and the fourth, that of 
interpreting changes in solar radiation in terms of climates in zones 
where neither modern meteorology nor geological evidence are as 
yet able to guide us to any great extent. 

The present chapter, therefore, is bound to be no more than 
a preliminary survey of the situation. Nevertheless, it may be 
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useful to point out promising localities ; to renew the sucecssions 
of climatic phases which have been recognized, or suggested, for 
various parts of the earth ; to relate those few discoveries which 
can be dated approximately ; and to speculate on certain possibilities 
of extending the absolute chronologj* to other climatic zones. 

In doing so, we shall first pass south through Africa, tlicn proceed 
to Asia, to Australia and, finally, to America. 

A. THE SAHARAN DRY BELT 

The drj' belt which lies to the south of the Jlcditcrrancan zone 
and comprises the Saliara, the Arabian desert and corresponding 
countries farther east, is still influenced by tlie weather of tlic 
3Iediterranean zone. The few sections which arc known from this 
belt and provide information about the succession of climatic phases 
and of human industries are of particular importance as stepping 
stones from the Mediterranean to the tropical zone. One of tlicse 
localities is the Fajmm, but its Pleistocene succession is at the present 
a matter of con trovers}' (Thompson, Gardner and Huza}'}'in, 1937, 
with bibliography), so that, for Africa, we have to confine ourselves 
to Kharga Oasis. 

Kharga Oasts. ICharga lies in the Egyptian Desert, on 25.J® N. 
lat. The Oasis contains a number of springs which, during 
periods of abundant flow produced a calcareous tufa. The tufas 
(travertines) alternate •with phases of flus-iatile erosion and aggrada- 
tion. It is the merit of Miss Gardner (1932, 1935) and Jliss Caton- 
Thompson (1932, also joint paper, 1932) to have established a 
sequence of climatic phases from these deposits, as folloivs, beginning 
with the earliest identifiable events : 

(1) Deposition of tufa on plateaus ; some rain. 

(2) Great erosion : increased rainfall. 

(8) Long period of breccia formation : little or no rain. 

(4) Tufa, gravel and silt deposited on the breccia, more vegeta- 
tion : some rain. Upper Acheulian. 

(5) Intense erosion : maximum of moist conditions of prehistoric 
times. Acheulio-Levalloisian. 

(C) Silt and gravel, followed by tufa : less rain. 

(7) Erosion : more rain, second majdmum on the rainfall curve. 

(8) Silt and gravel, followed by tufa : less rain. Late middle 
Palaeolithic (pre-Sebilian). 

(9) Erosion on smaller scale, followed by formation of 7-mctre 
terrace; slight humid oscillation followed by a drier phase, final 
conditions drier than in (8). Pre-Sebilian in the gravels, Aterian 
in the silt covering them. 

(10) Erosion on still smaller scale, followed by formation of 
5-metre terrace : very sUght humid oscillation followed by dr}’ 
conditions leading up to the present day. T}’pologically correlated 
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(though not on direct evidence) with the late upper Palaeolithic or 
Mesolithic (Capso-Tardenoisian). 

The sequence provides evidence for five more or less damp 
phases separated by drier phases, namely (2), (5), (7), (9), (10). Of 
these, the last four form a group, separated from the first by a long 
period of dryness, (3). The damp phases (5), (7), (9), (10), decrease 
in intensity in this order, (5) being regarded as the maximum of 
moist conditions, and (10) being described as a decidedly weak phase. 
One is inclined to regard the long, dry period (3) as the representative 
of the Last Interglacial, the preceding moist phase, (2), as the 
equivalent of one of the earlier glacial phases, and (5) to (10) as the 
equivalent of the Last Glaciation. There is no geological proof for 
this correlation,! which is however suggested (n) by the assmnption 
that the Mediterranean pluvials will have made the climate of the 
Sahara damper than it is to-day, and (b) by the human industries 
which, taken as a whole, would in any part of the Mediterranean be 
taken as upper Pleistocene. (Note (8S), p. 423.) 

If this correlation can be substantiated, the Last Glaciation 
would, in this part of the Sahara (25° N.), be represented by four 
damp phases of decreasing intensity, instead of the three found in 
the Mediterranean. This curious featme finds some support in the 
radiation curve for 25° S., which shows four summer minima of 
decreasing intensity at 116,000, 94,000, 72,000 and 22,000 years B.P., 
that of 94,000 being one which is inconspicuous farther north. 

It is liighly desirable that further detailed work in this area be 
carried out in order to test this tentative correlation of the Kharga 
sequence with the radiation curve, since here a chance is afforded to 
date both Miss Caton-Thompson’s pre-Sebilian and the Aterian. 
The pre-Sebilian would have developed from the Levalloisian shortly 
before LGlj, i.e. at the time when in Emope the middle Palaeolithic 
was being replaced by upper Palaeolithic. It would have survived 
into LGlj and thereafter been replaced by Aterian, another derivative 
of the Levalloisian, showing abundant signs of connexions with 
upper Palaeolithic industries. 

On the other hand, it must not be overlooked that the phases 

> For further detailed discussion, see HuzayjTn (1041, p. 88 if.). AVhile the 
above summary was in the proof stage Miss G. Caton-Thompson kindly informed 
me tliat her fortlicoming publication on Kharga Oasis embodies fresh evidence 
which increases the number of recognizable phases from (8) onwards. Further- 
more, tlie_ industrial sequence is assuming a more complicated aspect which, in 
a much simplified form, may be summarized ns follows : 

Phase (8). Late Levalloisian, not pre-Sebilian. 

Phase (9). Levalloiso-IChargan, not pre-Sebilian. 

Phase (10). ‘ Khargan ’, i.e. former pre-Sebih'an, probably overlapping with 
an intrusive and late form of tlie Aterian. 

Post-Phase (10). An intermediate site, typologically difficult, leading to a 
microlithic industry which is not Capso-Tardenoisian. 

I am grateful to Miss Caton-Thompson for her permission to insert this 
information which may amplify the ch'matic interpretations here suggested. 
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(9) and (10) may be regarded as very minor. Postglacial phases, 
phases (5) and (7) representing LGl, and LGlj. In this case the 
pre-Sebilian would not have appeared until after LG1„ and the 
Atcrian would be Postglacial. This nltcmnlive would neglect the 
radiation cur\-e and emphasize the distant effects of the icc-shccts 
of LGl, and LGl.. Though it cannot be disproved, it appears to me 
the less likely. 

Yancn and Jladhramaut. The c.vpcdition to Yemen (about 
15° N. lat.) of the Egj’ptian Unh'crsity (Iluzayyin, 1937; 1911, 
p. 125), detailed reports on which have not yet appeared, found 
evidence of two major pluvials of which the earlier one was more 
intense. The second pluvial can be subdivided into at least two 
subphascs, possibly followed by a third weaker one. The first 
plu\'ial appears to be divisible also. Similar phnuals were found 
to have occurred in the Hadliramaut (Caton-Thompson and 
Gardner, 1938, 1939). Botli these pluvials arc contemporary with 
a Lcvalloisian variety of the Palaeolithic. 

The climate of south-west Arabia, which lies on the southern 
edge of the drj’ belt, is influenced by the monsoon, and it is more 
likely that the pluvials obscr\-cd under this latitude correspond to 
pluvials of the tropical zone. There is no evidence that the tropical 
pluvials were contemporarj' with those of the Jlediterranean region, 
so that a correlation cannot even be attempted. But it is worth 
noting that the Saharan belt might have received more rain from the 
north (during the glacial phases) as well as from the south (during 
phases of a more northerly position of the monsoon belt, see 
p. 209). 

In addition to these Pleistocene fluctuations, Iluzajyin (1035), 
found evidence of a minor damp phase of late Postglacial age, 
contemporary with an obsidian industry including most types of 
implements found in the final Palaeolithic and Neolithic of East 
Africa. It is associated with ruins of Snbnito-nim}’nrile culture 
which possibly lasted into the beginning of the Christian era. This 
phase is reminiscent of a slightly damper phase which concluded the 
Mesolithic in the lilount Carmel caves according to liliss Bate (1 940), 
but Caton-Thompson and Gardner, though they found the same 
cultural association in the Hadliramaut, did not obtain proof of a 
damper climate. This very late, minor damp phase is still obscure 
in its charaeter, whether it is wholly due to natural factors or partly 
connected with man’s interference at the beginning of agriculture, 
remains to be seen. More evidence has been brought forward by 
French workers like Arambourg and Vaufrey from North Africa, and 
the covering stalagmites of some caves (Castillo, Grotta dclle Capre) 
possibly belong to this category'. Bate (1940) contains a summary’ 
of the observations made in Africa and Palestine in favour of such 
a late damp phase. 
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B. EAST AEMCA 

Tropical Africa, In tropical East Africa, conspicuous work has 
been done on Pleistocene climatic phases and on human industries 
by a number of authors among whom Nilsson, Leakey, and Wayland 
are prominent. It is claimed that the climatic sequence, which 
can be read off in the munerous lake terraces of the great rift valleys, 
and in river terraces, comprises three major pluvials which can be 
subdivided further. 

Kenya and Uganda. This sequence, originally conceived by 
Wayland in Uganda and by Nilsson in Kenya, was developed by 



FIG. 74. — ^Fluctuations of rainfall intensity in Kenya, according to Leakey 
(1030 ). — From Zeuner (1945). The Kamasian is now subdivided into a Kamasian 
and a Kanjeran pluwal (Cole, 1954, p. 47). 

Leakey (1981, 1936). It distinguishes three major pluvials. First, 
or Kageran (a name suggested by Wayland), the second or Kamasian, 
the third or Gamblian, which is followed by two weaker damp phases 
called Makalian and Nakuran (fig. 74). In Kenya, each of the three 
major pluvials is regarded by Leakey as eomposed of two phases. 
In Uganda, Wayland has subdivided the Kageran Pluvial (Pluvial I ; 
1982a, 1935, p. 70) on the evidence of terraces, and the Kamasian 
(Pluvial II) on the evidence of the M-horizon (see p. 256). For some 
time, Wayland (1939) regarded it as a matter of opinion whether the 
Gamblian was an independent pluvial or a subphase of the Kamasian, 
but on the whole, he (19346, 1939) appears to be inclined to regard 
the sequences of major pluvials in Kenya and Uganda as the same, 
regardless of the question of subdivision. His publication on this 
subject and on the stone industries of Uganda, which is in prepara- 
tion, will no doubt supply us with fresh evidence on this matter, 
lileanwhile, it appears that both in Kenya and Uganda, local workers 
distinguish three major pluvials. 

This statement seems to be justified in spite of certain claims 
made by O’Brien (1939) that the succession of pluvial and dry phases 
in Uganda is of little significance. O’Brien co-operated with 
J. D. Solomon who holds that tectonic movements would explain 
the geological sequence of Uganda more satisfactorily than climatic 
oscillations. There is no doubt that tectonic movements played a 
prominent part in the Pleistocene history of East Africa, as shown 
particularly by the rift valleys which were formed in the course of the 
Pleistocene. But even so, O’Brien and Solomon admit repeatedly 
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that climatic fluctuations did occur. The succession of pluvials 
-svith intrapluvials, and separated by interpluvials, however, appears 
at present to be somewhat uncertain. Zeuner (1948) is inclined to 
agree with Solomon and others as to the need for caution. 

The prehistoric industries, of which there are many, have been 
fitted by Leakey into his sequence of pluvials and interpluvials in 
the following manner. (See page 250.) 

This table reproduces Leakey’s views of 1986, and it should be 
read in conjunction with his chapters III and IV, which provide an 
excellent summary of the East African Stone Age. Mr. Wayland has 
also very kindly supplied me with an advance summary of his work 
in Uganda, from which it is apparent that no major divergences 
exist in the cultural sequences of that cormtry and Kenya. 

Only a few remarks on the archaeological sequence have to be 
made here, since the exact correlation of the sequence with those 
of other regions is not yet possible. The Kafuan of Wayland and 
Leakey is a very simple pebble industry which, in their view, is older 
than the entire hand-axe series. It is reminiscent of the Darmsdenian 
of Suffolk which, though it cannot be dated exactly, was regarded 
by Moir as Great Interglacial (Moir, 1935), but it is probable that, 
wherever pebbles are used as raw material, considerable convergence 
in the artifacts is boimd to occur. The Kafuan is followed by the 
Oldowan (pre-Chellian of Wayland) which Leakey considers as a 
derivative of the Kafuan. The Oldowan in turn merges into the 
East African Chellian, and this into the Acheulian. This hand-axe 
series is roughly contemporary with the Kamasian Pluvial. There 
is a flake culture, however, the Sangoan discovered by Wayland, 
which is roughly contemporary with the hand-axe series, but van 
Riet Lowe (1987, p. 122) considers this as part and parcel of the 
hand-axe industry. Towards the end of the hand-axe period, late 
in the Kamasian, Levalloisian is held to appear. 

The most remarkable feature of the East African sequence is the 
appearance of ‘ Proto-Aurignacian ’ in the last stage of the Kamasian 
Pluvial. After the dry phase which separates the Kamasian from 
the Gamblian Pluvial, we find a ‘ lower Aurignacian ’ co-existing with 
a developed Levalloisian (Leakey, 1931, 1936). This author is 
inclined to think that the Amignacian sprang from the contact of the 
late Acheulian with the Levalloisian (1936, p. 185), but Garrod 
(1938, p, 19) finds it diificult to accept this view. It appears to 
be established, however, that the first typically upper Palaeo- 
lithic implements known so far, like blunted-back blades, made 
then appearance side by side with the latest Acheulian in East 
Africa. 

By late Gamblian times, the ‘ Upper Kenya Aurignacian ’ had 
developed into an industry which, as first pointed out by Vaufrey, 
and corroborated by Garrod (1938), is almost typical Capsian. In 
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the mcnntimc, the Lcvalloisian strain survived and developed into 
the Stillbay culture towards tlie end of the Gamblian. 

It is impossible here to discuss the differences existing between 
Wayland and O’Brien with regard to the succession of industries in 
Uganda. It must suITice to say that they arc in part differences in 
tcrmiiiolog}' and in part of a more serious nature, namely, slrali- 
graphical. As an illustration, the position of the Kaiso Beds, the 
fauna of which was described by Ilopwood (102G), may be mentioned. 
Wayland regarded them as interpluvial and later than the Kafuan 
industry', whilst Solomon and O’Brien classify them ns preceding 
even the early Kafuan. 

This very' sketchy re^'iew of the sequence of climatic phases and 
of human industries in Kenya and Uganda shows that much work 
remains to be done. The enormous wealth of material wliich has 
been discovered indicates that tire pioneer stage of research has been 
passed, and it will now be necessary’ to check the suggested sequences 
again and again with the aid of fresh sections. The possible lines of 
approach to a solution of the problem are illustrated in the following 
paragraphs by a number of instances. 

Palaeontological dhtisions of East /ifrican Pleistocene. As in 
Europe, so in East Africa, the Pleistocene may be divided into three 
stages on faunal evidence. Much of the work on the mammalian 
fauna has been carried out by A. T. Hopwood (summary in Zeuner, 
1945, p. 214). Yet it must be borne in mind that what are called 
the Lower, Middle and Upper Pleistocene of Africa need not be, 
and probably are not, exactly contemporaneous with those in 
Europe. If it is permissible to judge by the amount of evolutionary 
change which occurred in the East African and the European faunas 
since the respective Lower Pleistocene deposits were laid down, one 
is inclined to admit that the chronological difference cannot be veiy 
great. Some Lower Pleistocene of East Africa may be con- 
temporaneous with middle Pleistocene of Europe, or vice versa, but 
it is unlikely that the discrepancy would be as great ns between 
Lower and Upper Pleistocene. This, at least, provides a rough 
chronological guide. 

Kanam and Kanjera Beds, Kenya. In the gorges of the Homa 
Mountain, on the east side of Lake Victoria, a most instnictive 
scries of deposits is exposed. In it, implements have been found, 
and also remains of early man (Leakey, 1935), but the exact horizons 
of the latter are, unfortunately’, not certain. The sequence has 
quite recently’ been re-described by Kent (1942&) ; it consists of — 

(D) Fluviatile loams, &c. Upper Pleistocene ? 

(C) Kanjera Beds, consisting of basal greenish tuffs and ash, 
middle group of clays with limestone and an upper transgressive bed 
of brouTi and greenish clays. The lower group has yielded a mam- 
malian fauna of middle Pleistocene age, the middle group most 
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probably contained the remains of Homo cf. sapiens, and the upper 
group covers the middle unconformably, Kent therefore came to 
the conclusion that the geological age of the remains of Homo is not 
certain. ‘ Human artifacts of Chellian type have been found in 
situ and on the surface of the beds, and pebble tools -were found at 
an exposure a little to the south ’ (Kent, 1942&, p. 126). These 
pebble tools might, according to Kent, suggest a survival of the 
pebble industry into the Chellian. It would be most desirable to 
obtain evidence for the precise age both of the skull fragments and 
of the implements, in view of the possible association of Homo cf. 
sapiens with a ‘ Chellian ’ industry, but neither Leakey, nor Kent, 
nor any of the many other workers who studied the area (Boswell, 
Wayland, &c.) has succeeded in doing so. 

(B) Bawe Beds, bro^vn and yellowish laminated clays with 
sandstone bands. Lake deposits, with evidence of repeated drying 
up, in the form of pseudomorphs of a soda mineral, gaylussite. 
Climate apparently semi-arid, lamination indicating seasonal variation. 
Rich fauna of lower Pleistocene type. 

(A) Kanam Beds, beds of light brown clay and fine volcanic 
tuffs, often grey-green and laminated. Some gravel deposits 
suggesting beaches. Fauna, determined (as that of the other beds) 
by Hopwood, of Lower Pleistocene type. Implements of pebble 
type (Oldowan of Leakey). A small fragment of a human lower 
jaw. Homo cf. sapiens, is believed to have come from these beds, 
but its exact position could not be ascertained (Leakey, 1935, 
1936o, b ; Boswell, 1935 ; Kent, 1942&). 

In this series, the Rawe Beds are regarded as evidence of a dry 
phase (interpluvial) intercalated between two more rainy phases of 
climate. On palaeontological evidence it can be correlated with the 
Kaiso Bone Beds of Uganda (early middle Pleistocene according to 
Wayland). For the time being, this important series tells us at 
least that the change from pebble culture to Chellian, or as van Riet 
Lowe (1937) prefers to call it, Stellenbosch I, was approximately 
simultaneous with the faunal change from Lower to Middle Pleistocene 
(African divisions). 

Terraces of Kagera River, Uganda. Wayland (1935) distinguishes 
four terraces and a peneplain in the valley of the Kagera River, 
Uganda, which flows into Lake Victoria (fig. 75). This valley is 
important because here human industries occur abundantly in 
stratified deposits. Wayland interprets this sequence as follows. 
After a period of peneplanation in an arid climate, the 270- and 
220-foot terraces were formed dming two phases of the First Pluvial 
(which he suggests to call Kageran). A major period of erosion 
separates them from the 110-foot terrace of the Kamasian pluvial, 
and a 30-foot terrace which Wayland regards as a subphase of the 
Kamasian and which perhaps represents Leakey’s Gamblian. This 
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sequence is reproduced here as a general guide. It •n-ill be seen that 
earth movements connected with the formation of the great rift 
^-alle^•s interfered with the climatic succession, and that IVayland 
regards every terrace aggradation as evidence for a wet phase of 
climate. 

On the other hand, Solomon (in O'Brien, 1939, fig. 4) distinguishes 
the same levels, but is not satisfied with the c\idencc of pluvial 
conditions during the formation of these aggradations and comes to 
the conclusion ‘ that the Plusnal Ilj-pothcsis rests on verj' slender 
foundations ’ and he * is inclined to discard it completely as a basis 
for the classification of the African Quaternary ’ (Solomon, in O’Brien, 
1939, p. 41). The real difficulty appears to me to be that the con- 
ditions of formation of certain lands of sediments, such as boulder 
beds, gravels and fine-grained river deposits in a tropical climate 
have not yet been studied. Boulder beds and coarse gravels are 



riG. 75. — ^DiagTatmnatic section of the terraces of tlic Ivnpern Ri\-cr, Upanin. — 
After lYnyland (lfl35, fig. 11). Modified, but with IVnyland’s intcrjirctntion. 

A. Beginning of plu>-ial conditions (vridespread fiuviatilc erosion rendered 
possible by tlie existence of the Western Rift Vnllcy toirards svliieh the rejus’cnnlcd 
rivers flowed. — B. Earth-movement and minor climatic oscillation.-^. Inter- 
pluvial conditions nnd earth-movement. — D. Eartli-moiTmcnt. 

usually taken as evidence of a wet climate though, in reality, they 
need not mean more than occasional torrential floods. Such floods, 
however, are knotvn to occur in various tj'pcs of climate, including 
the semi-arid one. The problem of the rhythm of aggradation and 
erosion in tropical climates cannot be discussed here ; it needs 
thorough investigation on the spot, where, however, it will be necessary’ 
to discriminate between the rhythm caused by tectonic movements 
and that due to climatic oscillations. A further complication whicli 
must not be overlooked is the one we are familiar with from European 
rivers, that the upper courses might well obey a rhythm of aggrada- 
tion and erosion which is the reverse of that found farther down- 
stream near the base-level. 

In spite of these difficulties, the terraces of the Kagera valley 
provide an important sequence of events, into whicli some of the 
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human industries can be fitted. While the ‘ Kageran ’ levels contain 
the Kafuan pebble industry in several stages, the Kamasian sequence 
of the 100-foot terrace covers the Oldowan, Acheulian and Leval- 
loisian. The 30-foot terrace has yielded only derived material. 

Section of the Eagera lOQ-foot Terrace. The difficulties of inter- 
pretation of the terraces cannot entirely obscure the fact that there 
is some evidence for climatic fluctuations, and though the intensity 
of the pluvials may perhaps be disputed, Solomon, Wayland and 
others agree that arid, or semi-arid, phases occurred. The best 
evidence is provided by the M-horizon of the 100-foot terrace of the 
Kagera valley. 

A section from the junction of the Orichinga valley with the 
Kagera valley (100-foot terrace) is the following (from Solomon, in 
O’Brien, 1939, p. 32) ; 

(9) Grey and white clays and silts, c. 6 feet. Swamp deposits. 

(8) Impersistent thin sandy layer with rubble (O-horizon) ; 
sometimes apparently represented by a reddening in the clays. 
?Land-surface. No definite tools. 

(7) Grey and white clays and silts, c. 15 feet. Typical swamp 
deposit. Few scattered implements. 

(6) Sandy bed with rubble, sometimes implementiferous 
(N-horizon), 1-2 feet. Not indurated. ?Dry period. Proto-Tumbian 
and Levalloisian implements. 

(-) Erosional imconformity. 

(5) Pale silts with sandy layers, c. 4 feet. Swamp deposit. 

(4) False-bedded sands with implementiferous horizons (Leval- 
loisian), c. 15 feet. 

(8) Hard, indurated implementiferous rubble (M-horizon), c. 
1 foot. Lower or middle Acheulian industry. Dry phase.^ 

(-) Erosional unconformity teste Wayland (1935). 

(2) Sands and clays, c. 50 feet. Lacustrine or swamp deposits. 

(1) Boulder Bed, c. 2 feet, possibly of a torrential phase. 

To a reader who is not involved in the controversy between 
O’Brien and Solomon and Wayland, this sequence appears to record 
repeated oscillations of the level of Lake Victoria and with it, the 
filling with lake and swamp deposits, and erosion, of the lower 
course of the Kagera River. Thus, tire boulder bed (1) and the 
fossil granite cascades found at the bottom of this series at the 
Hydro-electric Station near Kikagati (O’Brien, 1939, pi. Ill, fig. 1) 
suggest erosion down to a low lake-level,® followed by deposition of 
* swamp deposits ’ (2), while the lake-level rose. Then the lake 
sank again (M-horizon), rose (5), sank (erosional unconformity and 

* For rubble formation in a drj- cUmate, see O’Brien (1939, p. 97). ‘ Rubble ’ 
is angular rock-waste. 

* IJis was conceivably the phase of the steep, ungraded river following 
the subsidence of the lake-basin owing to tectonic movements. 
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N-horizon), rose (7), sank or vras stable (O-horizon), rose (0), and 
finally sank to a level more than GO feet down, where the formation 
of a later scries was initiated. Four phases of high lake-level, each 
of which appears to have been higher than the preceding, arc 
recognizable. Only one of the interphascs, the M-horizxm, has so 
far received close attention. Before we turn to the discussion of 
this interesting horizon, let us remember, that the endenee is, on 
the whole, accepted by all concerned as an indication of rise and fall 
of the lake-level. Wayland considers this oscillation ns climatic, 
but Solomon and O’Brien think it is the result of tectonic tilling. 
The fourfold repetition of tlie process suggested by the Orichinga 
section is certainly more rcadilj' explained by a fluctuation of the 
rainfall which made the lake rise and fall, than by an oscillating 
tectonic movement whicli would have had to be reversed four times. 
The climatic case is especially strengthened by the arid character of 
the rubble phases. 

The M-horizon. The 51-horizon is by all investigators considered 
to have been formed in a dry climate. Wayland (1935) says that a 
fall in the lake-level resulted in ‘ exposure and denudation of some 
(but not all) sediments of immediately pre-5I-horizon date, and thus 
presided new land surfaces upon which early man lived, . . . svhilc 
weathering resulted in ferruginization, so that to-day we has’c a red 
or ochreous, and in some places a decidedly hard, stony band packed 
with tools, cores and flakes’. O’Brien (1939, pp. 29C-807) differs 
from this siew only in the suggestion that the reddening is a 
posthumous phenomenon, due to infiltration after the 51-horizon had 
been buried, and he strengthens his case by quoting a locality w here 
the reddening extends into the overlying deposit. O’Brien further 
subdivides the 51-horizon into a basal, gravelly facies (A) and a 
later, rubble facies (B). only the latter being indicative of dry 
conditions when river actis-ity had ceased or was reduced to a 
minimum.^ 

The implements of the 51-horizon and of the subsequent phases 
of the Kamasian or 100-foot terrace are of the greatest interest, 
since they prosude a stratigraphical succession for the cultures of 
the middle Pleistocene. The facies (A) of the 51-horizon contains, 
according to O’Brien, upper Oldowan mixed with an early-middle 
Acheulian, and 51-horizon (B) a developed middle Acheulian. 
Wayland (1935) considers the Oldowan elements as derived and 
calls the remaining assemblage Chcllio-Acheulian, whilst Leakey 
(1936) and van Riet Lowe regard it as iVfrican Acheulian I. The 
latter author (1937, p. 122) goes further, comparing the tools with 
those from South Africa. He finds that the 51-horizon implements 
are more advanced than Stellenbosch II, but less varied and refined 
than Stellenbosch III. Considering how difficult it is to classify 

* Solomon (in O’Brien, 1039, p. 33) does not recognize these two levels. 
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Acheulian even in Europe, we are satisfied to gather that the 
M-horizon contains an early or middle Acheulian, but no late 
Acheulian. 

In the river and swamp deposits laid down on the M-horizon 
when the lake rose again, Levalloisian is found. The incoming of 
this flake culture at this moment is a remarkable parallel to Europe, 
where the Levalloisian appeared when the Acheulian had reached 
the ' middle ’ stage. 

The Kagera valley is bound to play a great part in the chronology 
of the East African Pleistocene. Irrespective of any suggested 
system of pluvials, we can say that the available evidence suggests 
repeated oscillations of the lake-level during the middle Pleistocene, 
which are more easily understood if taken as due to changes in the 
amount of rainfall. In the Kagera valley, four damp phases would 
be in evidence during the middle Pleistocene (100-foot terrace), 
separated by dry phases of which the first was the most conspicuous. 

The evidence from Kanam and Kanjera, on the other side of 
Lake Victoria, appears to indicate that the sequence of the 100-foot 
terrace of the Kagera valley was preceded by another dry phase 
(Rawe Beds), possibly with a gap. 

Tanganyika, Olduvai. The classic site of Tanganyika is Olduvai, 
or Oldoway, a gorge running into the (now dry) Balbal depression 
north of Lake Eyasi. It was made famous by a skeleton of Homo 
sapiens which Reck (1914) believed to come from a relatively early 
horizon (II), but which is now regarded as an interment dug into 
this layer. This sequence has been studied repeatedly (summary in 
Leakey, 1936, with references) and the fauna is being described in a 
series of monographs ; see, for instance, Hopwood (1933). Most 
recently, Kent (1941, 1942a) has placed the Olduvai sequence into a 
larger frame by comparing it with other Pleistocene deposits of the 
Tanganyika rift valley. The sections may be summarized as follows : 

(V) Terrestrial, often loess-like, deposits covered by steppe-lime, 
a soil of concretionary nature. ‘ Mousterian ’ and Aurignacian 
industries. 

( — ) Unconformity. Period of cutting of the gorge. 

(IV) Volcanic tuff, deposited or re-deposited in water. Acheulian 
implements. 

(Ill) About 15 metres of red, tough rock, containing lenses of 
pebbles. Deposited in water. Held by Wayland (1935, p. 73) to 
be the reddened upper portion of Bed II, and comparable with the 
M-horizon of Uganda. Implements of late Chellian and primitive 
Acheulian type. (Note (39), p. 423.) 

(II) Volcanic material, similar to (IV). Implements of Chellian 
technique. 

(I) Very thick terrestrial deposit, of numerous layers of volcanic 
tuff. Oldowan pebble industry. 
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The lake deposits (11) to {IV) are considered to have been laid 
don-n during a major plu\-ial. On faunal evidence, they arc middle 
Pleistocene, and on this tlicy arc comparable with the Kamasian of 
Kenya and Uganda. 

Now it is most noteworthy that ^Ynyland thinks that (III) 
corresponds to the Jl-horizon and indicates a dry oscillation. This 
view is corroborated by evidence from Lake Manyam, some 50 miles 
cast of Lake Eyasi (Kent, 1912o). Archacologically, too, Olduvai 
Bed ni agrees with the M-horizon. Its industrj’ is Achculian I 
according to Leakey, which van Rict Lowe considers ns closely 
related to the South African Stellenbosch II/III. 

Again, O’Brien puts fonvard a somewhat different interpretation, 
prompted chiefly by the typological argument that the industry of 
the M-horizon is middle Achculian. He therefore correlates the 
M-horizon with Bed IV (1939, p. 802, etc.) and considers the reddening 
of Bed III as posthumous, as in the case of the M-horizon. But he 
does not object to assigning Bed III to a phase of lake-recession, 
presumably with a drier climate. Thus it appears that at least one 
dry oscillation interrupted the middle Pleistocene of Tanganyika 
also. (Note (40), p. 423). 

East Africa, sinnmary. Let us now try to sum up what appears to 
be well established in the East African climatic and archaeological 
chronology. Climatically, it is certain that the lakes stood at 
certain times much higher than they do at present, and at others 
relatively lower. Earth movements arc bound to have played a 
part in determining these le%'els, but some of the evidence is difTicult 
to understand without the assumption of climatic fluctuations. 
\^^lether the ‘ wet ’ phases connoted a general climate wetter than 
the present is not clear ; there is no need to assume a eatastrophic 
character of the ‘ pluvials ’ (Waylnnd, 1934, p. 848 ; Solomon and 
O’Brien, 1939). On the other hand, the dry phases need not have 
been more arid than the climate now prevailing locally in some 
parts of the rift valley (Kent, 1942a). 

The succession of pluvials and interpluvials, which at one lime 
looked impressive and well established, is no longer to be regarded 
as the last word. It is not certain whether there were tlwce or more 
pluvial phases, and whether they were subdivided or not. All this 
has still to be established (or disproved) on conclusive evidence. 
The multiplicity of the oscillations of tlie climate, however, is highly 
probable. 

The terms used for the pluvials have assumed a predominately 
stratigraphical significance, quite apart from the pluvial problem, 
the First Pluvial or Kageran being roughly the equivalent of the 
lower Pleistocene, the Kamasian of the middle, and the Gamblian 
of the upper. In this sense, they arc likely to continue in use. 

The succession of industries is in many respects similar to that 



AFRICA, ASIA, AUSTRALIA, AMERICA 259 

of South Africa, and in spite of many differences it resembles, in 
the chief trend, that of Europe also : After some primitive stages a 
hand-axe culture develops from an Abbevillian to an Acheulian stage, 
accompanied by flake industries, the Levallosian technique appears 
during the Middle Acheulian, and the Upper Palaeolithic gains 
the ascendancy still later (though it seems to appear rather earlier 
than in Europe, p. 289). The Kamasian is the period of the hand-axe 
series, and the M-horizon, or its equivalent, is associated with the 
African Lower or Middle Acheulian. 

C. SOUTH AFRICA 

Bhodesia. On oiur way from the tropical zone of East Africa to 
the southern dry belt of South Africa, we pass through Rhodesia, 
where valuable archaeological work has been done, notably by 
Neville Jones (1949). The Bambata Cave had suggested to Arm- 
strong an alternate occupation by Mousterian and Upper Palaeolithic 
peoples, but more recent work by Jones has shown that a Proto- 
Stillbay was followed by a Stillbay culture with no alternations. 
The sequence is capped by a Wilton industry. Other important 
sites are Lochard (Bond, 1946 ; Jones, 1946) and Sawmills (Jones, 
1944 ; Bond, 1946). The Pleistocene geology of Southern Rhodesia 
is being studied by G. Bond (1946) and a valuable summary of the 
prehistoric sequence was recently published by R. Summers (in 
Zeuner, 1948). 

Victoria Falls. Here, river deposits containing human industries 
were first studied by Armstrong, Jones and Maufe (1986) and revised 
by Cooke and Clark (1989). J. Desmond Clark has since worked 
out the Stone Age succession of Northern Rhodesia (1950 ; summary 
in Zeuner, 1948). His results are tabulated in fig. 76. 

South Africa. In South Africa, research both in Stone Age 
archaeology and Pleistocene climate is more advanced than in any 
other part of Africa (with the exception of Egypt). An additional 
advantage is that, here, we have left the tropical zone and have 
entered the southern dry belt, where the climate is less complex 
from a theoretical point of view. The area which has been studied 
most tlioroughly is the Vaal River Basin (Sohnge, Visser and van 
Riet Lowe, 1937 ; Cooke, 1946 ; Breuil, van Riet Lowe and du Toit, 
1948). Cooke’s survey of the Quaternary in South Africa (1941) 
gives a general picture of the archaeological chronology. Valuable 
commentaries and bibliographies of the prehistory of southern Africa 
have been published by Goodwin (1946, 1948), and fossil man has 
been reviewed by Dart (1940). 

Vaal River. The climatic rhythm of erosion and accumulation of 
the Vaal, a river far removed from the fluctuations of the sea-levels, 
was first described by Sohnge and Visser (1937). Starting from the 
present-day, semi-arid, conditions in which the river deposits during 



2G0 DATING THE PAST [VIII 

tlic drj' season and erodes during the wet (Solinge and Visscr, 1037, 
p. 49), one finds that, 

(a) an increase of precipitation would lend to increased erosion 
{though in tlie Pleistocene the climate has never been sufficicnllv 
wet to be called humid) ; 

{b) a subsequent decrease to the deposition of gravel ; 

(c) a further decrease to the deposition of sand ; 

(d) a yet greater decrease to the deposition of eolian sands, and 
reddening and calcification of existing deposits. 

Great falls in the Orange River, of which the Vaal is a tributary, 
have prevented low sea-level kniekpoints from migrating upstream, 
so that the total effect of climatic erosion is small, and the terraces 
are low. Smaller rock barriers cross the river at a number of points 
and divide it into compartments each with its local base-level at 
the lip of the barrier below it. Consequently, the heights of the 
terraces of the different ‘ compartments ’ arc not directly comparable. 
Tectonic movements also appear to have interfered, most probably 
betw'een the periods of the Older Gravels and the Younger Gravels 
(du Toit, 1933). The climatic cycle described has been confirmed 
for the three Younger Gravels only. The Older Gravels are merely 
remnants of aggradations to which the cycle theory is applied in a 
tentative manner. The Youngest Gravels and the Schoolplaals 
Phase are the products of weaker climatic oscillations. 

The succession is most complete in the area of Windsorton and 
Barkly West near Kimberley, where all levels down to the Youngest 
Gravels are recognizable (pi. XVIII, fig. B). liluch additional 
evidence comes from Taungs, on the Harts River, 50 miles north of 
Windsorton, and from Fauresmitli near the Rict River, 90 miles to 
the south. Other important localities lie near Verceniging, 250 miles 
east of Windsorton, where the IQip River joins the Vaal (pi. XVIII, 
fig. A). According to the recent investigations by Breuil (1943), 
van Riet Lowe (1945, 1947) and du Toit (1947, also a joint paper 
by these three authors), and especially following a summary by van 
Riet Low'e (1948), the sequence of events and of human industries 
in the Vaal River Basin is as follows ; 

Four series of gravel are so far distinguished, the Basal Older, 
the Older, the Younger and the Youngest Gravels. 

(1) The Basal Older Gravels are restricted to the lower reaches 
of the river. They are composed mainly of diabase and quartzite 
boulders set in a calcified sand. They underlie Older Gravels at 
heights from 50-350 feet above the river and have not yet produced 
any artifacts. Breuil, van Riet Lowe and du Toit (1948) consider 
these gravels as a phase earlier than the Older Gravels. Cooke 
(1946, p. 250), however, thinks that they are quasi-contemporaneous 
with the Older Gravels. 

(2) The Older Gravels overlie the Basal Older Gravels in the lower 
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FIG. 77 . — Climatogram for South Africa of climatic changes in the interior during the Quaternary, and human industries. ^ Not 
drawn to scale, either for rainfall or duration of events. The straight line indicates present climatic conditions. Above line : conditions 
wetter. — ^Reproduced, with permission, from Breuil, van Riet Lowe and du Toit, 1948. See also van Riet Lowe, 1952. 
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readies of the Yaal River and arc composed mainly of pofalo-like 
pebbles of quartzite. They arc shallow, not exceeding a few feet 
(pi. XVIII) and occur on terraces ranging from 300 feet down to 
50 feet above the present river-level. The gravels arc, however, 
frequently found in the form of residual hillwash. No fossils arc 
known with certainty. At Vcrecniging, two terraces can be 
distinguished at 100 and 50 feet respectively. 

Artifacts have been found in both terraces at Vcrecniging, and 
also in other localities. The 100-foot terrace has yielded a pcbblc- 
and-flake industrj' made from quartzite. The abundance of flakes 
in this locality is exceptional, since elsewhere the pebble tools pre- 
dominate. Tlicse are verj' primitive, with zigzag cutting edges 
produced bj' intersecting negative flake-sears, and reminiscent of the 
Oldowan of Tanganyika and occasionally of the Kafuan of Uganda. 
The industry is designated as f Prc-Chcllcs-Achcul ’. 

The 50-foot terrace at Verccniging contains an industry of 
Clacto-Abbevillian type, being a combination of Abbevillian-likc 
core tools with flakes of the Clactonian type. Van Riot Lowe com- 
pares it with the Rahmanian of Morocco (Ncuvillc and RUlilraann, 
1941). The South African industry lias been known as Stellenbosch 
I : in the suggested new African terminology it goes by the name 
of ‘ Chelles-Acheul I ’. 

(8) Following the period of the Older Gravels, red colinn sands 
(Kalahari Sand) accumulated, probably in an arid climate. It 
appears that during this period the Chelles-Acheul II (Stellenbosch II) 
stage was reached by man, since its implements are found in a 
derived condition in the first gravel sheet of the Younger Gravch 
phase. Unlike the earlier ones, most of these implements are made 
of diabase. They recall early forms of Europe, and cleavers become 
more common. 

(4) Fresh erosion is followed by the formation of three distinct 
river terraces, at 40 feet, 25 feet, and at river-bed level. These 
three are combined as Yotaigcr Gravch and are characterized by an 
abundance of large boulders of diabase set in a sandy-pebbly, calcified 
matrix (pi. XIX), As a rule they are not more than 10 feet thick, 
though locally they attain as much as 100 feet. Fossils arc abundant 
in the Younger Gravels, among them advanced types of elephants, 
horses and pigs. Cooke, whose monograph on the fauna will shortly 
be published by the South African Geological Survey, suggests that 
it corresponds to a broadly Middle to Upper Pleistocene stage of 
evolution. 

The industries of the Younger Gravels comprise, apart from 
Chelles-Acheul II which is rolled, Chelles-Acheul III and IV, 
Diabase has become the almost exclusi%’e raw material. The hand- 
axes of Stage III remind one of the Middle Acheulian of Europe, 
but alongside with them flakes were used which were made from 
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prepared cores. This ‘ Proto-Levallois ’ (Victoria West I) constituent 
of the industry is most interesting; it shows that the prepared- 
platform technique developed as an integral part of the Chelles- 
Aeheul in South Africa. In Chelles-Acheul TV (Stellenbosch TV) the 
hand-axes are finely executed and made from large, end-struck flakes. 
Flakes were made from cores called Victoria West or Proto-Levallois 
II type. As a new raw material, indurated shale is appearing. 
Stage IV is found in and on the aggradation of the second phase of 
the Younger Gravels. 

On the deposits of the latest (third) phase of the Younger Gravels 
and in the overlying current-bedded sands and silts, stage V of the 
Chelles-Acheul (Stellenbosch) series is found. Beside very finely 
finished hand-axes and cleavers there are many flake tools like 
scrapers, piercers, and also a few large blades and gravers. Many 
of them have faceted striking platforms, and the technique is now 
definitely ‘ Levallois The chief raw material is indurated shale. 
Van Riet Lowe has pointed out the important part played by the 
raw material in the evolution of South African industries (van Riet 
Lowe, 1948, p. 21 ; also 1945) ; 

In the final stages man learnt to detach blocks of indurated shale 
from natural outcrops and in doing so improved his technique still 
further and became independent of river gravels. In the preparation 
of his cores and striking platforms in this new material, we see the 
emergence of the prepared-platform or ‘ Levallois ’ technique taking 
place within, and therefore as an integral part of, the development of 
the hand-axe culture. 

(5) The sands which cover the Younger Gravels III indicate, 
according to Sohnge and Visser (1937) and Cooke (1946) a pronounced 
reduction of river activity. The sands became calcified subse- 
quently, which again suggests an arid climate. 

As mentioned in the preceding paragraph, Chelles-Acheul V 
extends into these sands. It is typologically very advanced. 

(6) A new cycle of erosion results in a moderate amount of down- 
cutting and, with a minor decrease in rainfall (Cooke, 1946) the 
Youngest Gravels W'ere aggraded in the tributaries of the Vaal River. 
They are mostly subangular and contain rocks of little resistance to 
fluviatile wear ; in these respects they differ from all the older series 
of gravels. A less humid climate is thus indicated. 

The industry of the Youngest Gravels is well-known as Faure- 
smiih. It employs the Levallois technique, the cores being prepared 
■svith care. Flake tools dominate in the assemblage, though hand- 
axes and cleavers continue to be made. Three stages can be 
distinguished, 

(7) The Youngest Gravels are covered by sands and silts, and 
these in turn by ^vind-blo^vn sands. This apparently dry phase is 
followed by 
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(8) the Schoolplaals Phase, when currcnt-bcddcd sands with tiiin 
bands of small pebbles and grits were deposited. There appears to 
have been more water present than in (7). The artifacts belong to 
the South African 3Iiddlc Stone Age (Stillbaj*, Pictersburg and other 
industries), a natural development tlirough refinement from the 
earlier industries with Lcvallois technique. Hand-axes and cleavers 
have disappeared, and bifaced spear-or-Iance, or even arrow-heads, 
arc typical. 

(9) Denudation and further accumulation of wind-borne sands. 
Climate drj’. 

(10) A Final reel phase, of a very' minor character re-exposcs by 
stream erosion the levels containing Jliddlc Stone Age. During this 
phase, the Later Stone Age industries (Smithfield, Wilton, Kitchen- 
midden) appear. 

(11) Transition to modem conditions. 

Climatic interpretation of South African sequence. Both the 
Younger Gravels (4) and the Older Gravels (2) arc evidence of river 
activity. They are separated by coHan sands. For this reason these 
two groups have been interpreted as * pluvials ’ (Solmgc, Visser and 
van RietLowe, 1937 ; Goodwin, 1940 ; Cooke, 1940), now called the 
First and Second Pluvials of South Africa. The phase of the Youngest 
Gravels (0) was recognized as weaker than the phase of the Younger 
Gravels ; nevertheless it is counted as the Third Pluvial, Similarly, 
on still less evidenee, the Schoolplaats phase (8) is called Fourth 
Pluvial. This leaves us with the Final Wet Phase, (10) of the 
preceding summary. 

Broadly speaking, this interpretation is probably correct, not so 
much because there is evidence for great humidity' in the ‘ pluvials ’, 
but because these arc separated by periods of wind activity indicating 
aridity'. The mode of formation of the Younger and Older Gravels 
still awaits detailed investigation. 

Both Younger and Older Gravels arc complex. The Younger 
Gravels have been divided into three stages, i.c. either three relatively 
wet phases separated by two dry inter^'als or, more likely, three 
phases of wetness declining towards semi-aridity (providing seasonal 
floods capable of transporting boulders) separated by humid phases 
with suflicient water to do the work of down-cutting. In any case, 
several phases are indicated. 

The Older Gravels differ pctrologically. Constituents which 
resist chemical weathering dominate (mainly quartzites), and the 
matrix appears to be derived from the decomposition of diabase, 
dolerite or other rocks present in the Basal Older Gravels. Two 
alternatives are possible, namely that the Older Gravels were 
deposited in a humid climate ssdth chemical weathering, or that they 
arc the weathering product of gravels resembling the Basal Older 
Gravels. The former -view is favoured by du Toit (1948, p. 88), the 
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latter by Cooke (1946, p, 251). The former view entails a separation 
of the Basal Older Gravels as a distinct earlier phase, whilst the 
second makes them contemporary with the Older Gravels in general. 
Since the Older Gravels are divisible into two terraces at least (on 
their artifact contents), a minimum of two phases of gravel deposition 
are established, and if one follows du Toit, adding the Basal Older 
Gravels, at least three. It is probable, however, that the number 
of phases of the Older Gravels is rather greater. They cover a range 
of altitude of 50-300 feet above the river, compared with 0-40 feet 
of the Younger Gravels, and the sections published by van Riet 
Lowe (in Breuil, etal., 1948, p. 23) suggest up to five separate stages 
of gravel deposition between 80 and 200 feet. One is justified, 
therefore, in holding that the Older Gravels are divisible into two, 
and probably more, subphases, and that the period of their deposition 
covers a much longer span of time than that of the Younger Gravels. 

Raised Beaches in South Africa. The raised beaches of the coasts 
of South Africa have yielded but few implementiferous sites. Sum- 
maries of the evidence are by Cooke (1941), Zeuner (1945) and Breuil 
(1945, 1948). Mortelmans has made interesting observations in the 
ICnysna District (1945), where he foimd indications of tectonic 
displacement of the beaches. 

In concluding this all-too-brief siurvey of the chronology of South 
Africa, attention is drawn again to Goodwin’s important survey and 
bibliography (1946) which will help the reader in finding any further 
information required. 

D. THE PROSPECTS OF AN ASTRONOMICAI, CHRONOLOGY OF THE 
AFRICAN PLEISTOCENE AND PALAEOLITHIC 

Fluctuations of radiation in the tropics. Considering from the 
chronological point of view the climatie fluctuations which have 
been suggested in tropical Africa, one must admit that the evidence 
does not yet provide a relative chronology sufficiently detailed for 
the correlation with other areas. The attempts that have been 
made to correlate East African pluvials with glaciations in Europe 
were definitely premature, though in some instances the suggested 
correlation may not be far off the mark. But, in order to obtain a 
more secure basis for correlation, it is necessary to discuss briefly 
the implications for the tropical zone of the astronomical theory. 
For an introduction into this difficult matter, Zeimer (1945, Chapter 
'\^II) may be consulted. 

Alternation of phases of great and small seasonal differences of 
radiation. If one constructs the curve of summer radiation for a 
tropical latitude, say 5° N., from Milankovitch’s tables, one notices 
that the number of major maxima and minima was much greater 
than in the higher latitudes and their distribution more regular, 
the oscillations following each other about every 21,000 years. This 
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is the expression of the dominating influenee of the longitude of the 
perihelion in the tropies. From the chronological standpoint this 
would suggest that if the tropical plurials depended on local fluctua- 
tions of summer and winter radiation in the same manner ns do the 
glacial phases of the northern hemisphere we should have many 
more plm-ial phases than have been recognized, in fact so many 
that dating of any particular deposit would be wcllnigh impossible. 
Now, the tendency of workers in East Africa generally has been to 
distinguish a much smaller number of pluvials, three or four, though 
with subphascs. If tliis conception can be substantiated, it is clear 
that only the subphases might correspond to fluctuations in the 
seasonal amount of radiation, but not tlic major plurials as a whole, 
into which they are grouped. It would be futile to suggest any 
correlation between plusnal subphascs and radiation cydes.* It 
may be pointed out, however, that the large number of upper 
Pleistocene fluctuations in the levds of East African lakes whidi 
Nilsson (1940) was able to recognize arc perhaps the result of these 
short-period oscillations (Zeuner, 1945, p. 211, p 217). 

Meteorological and caloric equators. There is 'another aspect of 
the fluctuations of solar radiation whidi promises to supply an 
explanation of the major plurials and, thus, a possibility of dating in 
years and of correlating the Pleistocene and its human industries in 
Africa with the glacial phases of Europe. 

It is well knoivn that the meteorological equator, which separates 
the weather-rdgirae of the northern and southern hemispheres of 
the earth and is given by the narrow bdt of rising air called the 
equatorial calms, lies in the average * over about 5° N. lat., and not 
over the geographical equator. This phenomenon is usually explained 
as the result of the more intense circulation of the atmosphere over 
the southern hemisphere, but Wundt (1934, 1937) and Spitaler (1934) 
agree that the fluctuations of the caloric equator are a contributory 
cause. The caloric equator is the degree of latitude at which the 
minimum annual fluctuation of radiation occurs. In the zone 
enclosed by the caloric and the gcograpliical equators, the amount 
of radiation reedved during the summer is smaller than that received 
during the winter. In this respect, therefore, it agrees with the 
opposite hemisphere in the seasonal rhj'thm of which it partakes. 
Thus, the caloric equator is the line on which the inversion of the 
seasons, as based on radiation, takes place. 

The position of the caloric equator at various times in the past 
has been calculated by Slilankoritch (1938, p. 662) ; it is shown here 
in the form of a graph (fig. 78). At the present, it lies at 8° N., so 
that one might deduce that, of the five degrees of average displace- 

* It is not even known whetlicr a period willi seasonal extremes of radiation, 
or a period of decreased seasonal difictcnccs, would produce a ' pluvial ’ pliase. 

• Jlorc on continents, less over the oceans. 




no, 78.— Positions of the caloric equator during the last 600,000 years, 
tieviations from the geographical equator of over 3 degrees to the north, black ; 
or over 4 degrees to the south, hatched. — From Zeuner (1945). 
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nicnt of the meteorological equator, two degrees arc to be attributed 
to tlie more intense circulation over the southern hemisphere, and 
three degrees to the position of the caloric equator. 

^Yhen the caloric equator lies farther north, the circulation 
effect is likely to become rather less than two degrees, and eerlainlv 
not more. On the other hand, when the caloric equator moves 
south, the circulation effect is likely to increase to more than two 
degrees, and this amount has to be deducted from the position of 
the caloric equator in order to obtain the position of the meteoro- 
logical equator. 

Effect of the fluctualiojis of the caloric equator in the tropical zone. 
The effect on the tropical zone of this periodic oscillation is dilTicult 
to assess. So much is evident, however, that there were long periods 
of time when the caloric equator varied its position only moderately 
(see fig. 78), and others during which it swung north and south 
repeatedly with an amplitude of as much as 10 to 16 degrees (i.c. 5 
to 8 degrees N. and S. of the geographical equator). During these 
phases of violent fluctuation, the geographical belt which is now the 
zone of equatorial rainfall may well have come to lie sufiicicntly far 
north or south to receive only a fraction of the rainfall it enjoys at 
present. But such phases must have been of short duration and 
alternated with phases of heavier rainfall every 21,000 years. A 
period of violent fluctuations of the caloric equator therefore would, 
in the tropical zone, result in deposits indicating a repented alternation 
of dampness and dryness. 

Apart from earlier periods of this kind, there is one between 
235,000 and 70,000 B.P., which stands out for its long duration. 
Recalling the evidence from Uganda (p. 258), one is inclined to 
consider this period as a causal factor of the Kamasian with its 
several oscillations between wet and drj\* 

No more can be said at the present about the tropical zone, and 
w'hat has been said must be regarded as very tentative (Note (41), 
p. 423). The movements of the caloric equator would hardly have 
been worth the space devoted to them here, had not South Africa 
provided suggestive evidence for their significance. 

Caloric equator and ‘ pluvials ’ of the Sahara. The effect of the 
extreme oscillations of the caloric equator on the northern and 
southern dry belts is more easily understood than that on the belt 
of tropical rainfall. Taking the northern, Saharan, belt first, it is 
easy to see that a northward displacement of the caloric equator 
would simultaneously bring about a northward shift of the northern 
limit of the monsoon rains. In other words, it avould incorporate a 
strip of the southern Sahara in the Sahelian or even Sudanese belt, 

* This correlation would be reasonable also from the archaeological point of 
view, placing as it docs the evolution of the middle-upper Acheulian and llic 
Levalloisian into roughly tlie same period as in Europe. 
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which receive sufficient amounts of rainfall in summer to support a 
regular and general cover of steppe or scrub. 

On the other hand, a southward displacement of the caloric 
equator would result in a mthdrawal of the monsoon, and part of 
the Sahelian (i.e. the edge of the Sudan) would become desert. 
There is abundant evidence for the southward extension of Saharan 
conditions during some time in the Pleistocene, in the form of fossil 
dunes in what is now the Sahelian belt with summer rains and steppe. 
There is the Goz country of north-east Kordofan and northern Darfur 
in the Anglo-Egyptian Sudan (Maxwell-Darling, 1934, 1936). From 
the Region du Tchad Murat (1937, p. 52) describes fossil dunes. 
Around Lake Tchad, evidence is found for two dune phases separated 
by a lake phase and apparently followed by the modern lake (Krenkel, 
1938, p. 1,386, the last two publications with bibliographies), in the 
French Sudan, Chudeau (1925, 1931) described fossil dunes, and from 
Mauritania, Aufrere (1930). Huzayyin (1941, p. 76) has summarized 
part of this evidence. 

The extension of Saharan conditions into the zone which at the 
present is reached by the monsoon, is a phenomenon which cannot 
be explained on the theory of generally increased rainfall which has 
so often been adduced to explain the tropical and Saharan pluvials. 
But the movements of the caloric equator provide a very simple and 
satisfactory explanation, and one could almost regard these fossil 
dunes as evidence that the movements of the caloric equator played 
an important part in the development of the Pleistocene climate of 
Africa. 

The northward displacements of the caloric equator would have 
varied between two and five degrees. During the period, 235,000 
to 70,000 B.P., it amounted to four degrees about four times. The 
possible effect on vegetation is most interesting. If we take the 
approximate boundary of the Sahelian belt of grass-land and dry 
scrub against the desert belt as a guide-line — it lies about 18-19° N. 
in West Africa and about 15—17° N. in the eastern part of the 
continent — the Sahelian type of vegetation w'ould have covered the 
southern half or third of the present desert during these phases of 
northward displacement.^ 

Furthermore, such displacement would have brought into the 
reach of the regular summer rains the highlands of Adrar, Air, 
Tibesti and Ennedi, and perhaps even Ahaggar. Wadis which run 

1 Archaeologically it is important that the Sahelian, in spite of its dry-steppe 
character, is cultivated (JIaxwell-Darling, 1934, p. 68). The same land is 
cultivated for several years, and then deserted for a period. * The result is that 
most of the land has been cultivated at one time or another.’ During a pluvial, 
therefore, even the Sahelian type of countrj', spreading over parts of the Sahara, 
would be quite suflicient to support even an agricultural population. Further- 
more, the frequent change of the land might contribute enormously to the 
spreading of tools and other cultural remains over the surface and in the superficial 
soil, which is so characteristic of tlie later Saharan Stone Ape 
10 ^ 
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northwards, towards the Sfcditcrrancan, would have carried tlie 
cover of vegetation still farther north. 

Now, it is necessary to remember that the Jlcditerrancan type 
of pluvial coincides with the minima of summer radiation of the 
temperate north, and ■with the retarded maxima of the glaeinl phases. 
These periods oecurred simultaneously nith extreme northward dis- 
plaeemcnts of the caloric equator. Thus, tvliilc ihe Mcdilcrratican 
pluvial watered ihe northern fringe of ihe Sahara, its southern fringe 
enjoyed increased monsoon rainfall, Tliough for meteorological 
reasons the dry belt is unlikely to have been obliterated completely, 
the phenomena described may well have led to its reduction to such 
an extent that, especially along the wadis and the chains of lulls 
which extend across the Sahara (southern Algeria), steppe and scrub 
lands formed a continuous bridge from the Sudan to the Jlcditcr- 
ranean. 

The suggested explanation of the Saharan pluvials as the result 
of a northern position of the caloric equator coupled wth a Jlcditcr- 
ranean pluvial whenever there was a glaciation in northern Europe 
removes several difficulties encountered by other theories. 

(1) Many workers, for instance Gautier (1985), have shown that 
the Sahara never was ‘ wet and that the greatest increase of pre- 
cipitation that ever happened produced Sahelian bridges across the 
desert belt. This is the picture ■we arrived at in our deduction. 

(2) Some of the Saharan pluvials appear to have lasted for some 
considerable time. If the Saharan pluvials were nothing more than 
secondary effects of the glacial phases, not even the intcrstadials 
could have been bridged by damp conditions. But the co-operation 
of the caloric equator with the Mediterranean pluvials creates con- 
ditions which would favour the coalescence of pluvial phases into 
major pluvials. If we take, for instance, the first of the scries of 
extreme displacements of the caloric equator which occurred between 
235,000 and 70 B.P., this was contemporary with the glacial phase 
PGli. Considering the retardation of the expansion of the ice-sheet 
(p. 142) and the consequent extension of the corresponding Mediter- 
ranean pluvial, it is conceivable that the interval between this and 
the following extreme northward displacement of the caloric equator 
was considerably shortened, so much so that the store of under- 
ground water accumulated in the pluvial phase helped the vegetation 
to last through the short, dry, interval. 

Theoretical sequence of African pluvials. If this idea is right, one 
would expect to find, in the Sahara, evidence of tlu-cc pluvials in the 
lower and middle Pleistocene (590,000-550,000, 500,000-480,000, 
830,000-280,000 B.P.), with a long dry interval between the second 
and the third, and wdth the third being relatively insignificant. The 
fourth pluvial was the longest of all, from 285,000 to 70,000 B.P. 
All these pluvials would be subdivisible into several oscillations. 
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Although the subphases would not be contemporary in the Saharan, 
the tropical and the South African belts, the enumerated major 
pluvial periods would be roughly contemporary all over Africa. 

The theory here proposed is, of course, subject to proof or dis- 
proof afforded by palaeoclimatic evidence. As shown by Huzayyin’s 
work (1941), however, the sequence of climatic phases in the Sahara 
is still unknown, except for a few casual glimpses which cannot be 
combined into a consistent pictiure. Futme work will no doubt show 
whether the displacements of the caloric equator had the effect on 
the climate of the Sahara which has been tentatively ascribed to 
them in this chapter. 

Caloric equator and ‘ pluvials ’ in South Africa. The same theory 
applies, mutatis mutandis, to South Africa. As has just been said, 
the major pluvial periods there would have been the same as in the 
Sahara, though the subphases would not have been contemporary. 
But the general picture, of three early pluvials separated by com- 
paratively long intervals, and a fourth of a very long duration, would be 
the same. Now, if we turn back to our summary of the climatic phases 
found in South Africa (p. 261) we find that the evidence is not incon- 
sistent with the theory of displacements of the caloric equator. The 
three earlier pluvials suggested by the curve, would be represented 
by the Older Gravels, the long fourth pluvial by the Younger Gravels, 
with the two latest oscillations representing the last subphases of the 
pluvial or, more likely, two of the three smaller oscillations which 
followed it (60, 85, 10,000 B.P.). 

This correlation is not suggested as implying a high probability, 
but merely as a possible, and most tentative, approach to using the 
astronomical theory in the dating of climatic phases and of human 
industries on the southern hemisphere. Only further palaeoclimato- 
logical work will be able to decide whether or not the theory of the 
displacements of the caloric equator is correct. The displacements 
as such are, of course, a fact ; it is their climatic interpretation which 
is tentative. Since so many quantitative elements are involved in 
speculations of this kind that it is impossible to put forward a good 
case on a numerical basis, we shall have to wait and see whether new 
evidence confirms the postulates of the theory or not. 

From the archaeological point of view, the dates for the South 
African Stone Age which might be deduced from the astronomical 
theory are reasonable. They are included, with a question mark, 
in the world correlation table, fig. 80, 


E. ASIA, AUSTRALIA AND AMERICA 

After the foregoing discussion of the evidence for the climatic 
chronologj' of the Pleistocene, and the absolute chronology derived 
from the astronomical theory, for Europe, the Mediterranean and 
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Africa, it may be ns well to pause and to summarize which methods 
of approach appear to be the most promising for the extension of 
the absolute chronology' over the entire earth. 

In trying to establish a relative chronology which can be dated 
astronomically, the most reliable method is indubitably Umt of 
determining xcith care the exact mean sea-levels belonging to the 
various Pleistocene beacli formations. It is naturally restricted in 
its application to coastal areas where suitable deposits occur, and 
from the arehaeological point of s'iew worth while only when the 
beaches contain implements. In areas where eustatic river terraces 
contain implements, these can be dated some distance up the river. 
In doing so, the mistake has been made of continuing beyond the 
limit of eustatic action, into that part of the river's course which is 
governed by a climatic cycle, and the opposite mistake of neglecting 
the eustatic phenomenon has been made also. This is not the place 
for the critical discussion of work on rivers in climates other than 
temperate, but it must be said that the conceptions of most authors 
are still far too primitive. In any case, tlic eustatic method will 
provide interglacial dates only. 

The second method is the palaeontological one. Provided toler- 
ably rich mammalian faunas arc contained in the deposits, an 
estimate can be made as to its lower, middle, or upper Pleistocene 
age. The estimate is inevitably vague, and its uncertainty increases 
with the distance from Europe, especially' in tropical climates. It 
yields even less detailed subdivisions than the first method, and yet 
it is important in countries where it is the only approach possible. 

The third method is the investigation of the climatic rhythm of 
river aggradation and erosion, with the intention of establishing 
plus'ial and interplu\'ial periods and phases. The difficulty here is 
that the local climate has to be duly considered and that no general- 
ized scheme, or ‘ cycle ’, can be used as a clue. It will also be 
necessary to define the term ‘ pluvial ’ for the area studied, whether 
it implies increased annual total of precipitation, or increased 
seasonal floods, which are two very different climatic phenomena. 
I am confident that this approach will eventually provide the detailed 
chronology of the tropical countries and that this, in turn, can be 
matched with the movements of the caloric equator, or the local 
radiation curves, or both, as the case may be. The best chances for 
applying this method are afforded by countries lying on the dry 
edges of the zones of tropical rainfall. 

Finally, in countries outside the tropical zone, to which the 
detailed chronology of Emrope cannot yet be applied, it will be 
possible, after an application of the eustatic and palaeontological 
methods, to work out a climatic clironology in the same manner as 
was done in Europe, using buried soils, colian deposits, and the 
climatic cycles of the rivers. 
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In the following paragraphs, some attempts whieh have been 
made in Asia, Australia and America are briefly reviewed. They 
have been selected chiefly for their potential chronological import- 
ance, either because they supply certain details of the relative 
chronology, or because they are concerned with fossil remains and 
important cultures of early man. 

China. Pekin Man, Choukouiien. Although the place of Pekin 
Man {Homo erecins pekincnsis = Sinanthropus) in the chronology of 
the Pleistocene is as yet somewhat uncertain, he is of such outstanding 
phylogenetic importance that a short discussion is justified. The 
skeletal remains from Choukoutien, near Pekin (40° N. lat.), have 
been described by Black (1934) and Weidenreich (1936, 1937, 1941, 
1943). A summary of the geological, anthropological and archaeo- 
logical evidence up to 1933 was presented by the original team of 
workers, Davidson Black, Teilhard de Chardin, C. C. Young, and 
W. C. Pei (1933). The anthropological significance of the skeletal 
remains was discussed by Weidenreich (1939), and the bone and 
antler industry described by Breuil (19326, 1939). The accompany- 
ing fauna has been treated by Pei and by Young in volumes of the 
Palaeontologia Sinica (references and additions in Pei, 1939a). 
There are numerous other papers on this locality, among which 
Pei’s attempt of a correlation with Europe (19396) is of special 
importance in the present context. De Terra (1941) has undertaken 
a correlation with India to which we shall have to return. 

Chronological position of Sinanthropus. The stratigraphy of the 
deposits in and near the caves of Choukoutien does not afford a 
means of dating. The only passable way, therefore, is that of 
palaeontology. It has been used by Pei (19396) in the wisest manner 
possible, namely by distinguishing faunal assemblages representing 
successive phylogenetic levels, much on the same lines as employed 
in the distinction of the lower, middle and upper Pleistocene of 
Europe (Zeuner, 1945, Chapter X). Working on these lines, Pei 
has shown that the Choukoutien fauna corresponds with the evolu- 
tionary level of the lower Pleistocene (chiefly Apigl) of Europe. 
This, however, applies to the Sinanthropus locality only ; other 
localities at Choukoutien have proved to be of later age. 

The lower Pleistocene age of Sinanthropus as suggested by Pei, 
raises the question of the Plio-Pleistocene boundary. Pei, of course, 
arrives at a lower Pleistocene age since he adopts the prevalent 
European system. Teilhard de Chardin (1937) draws a slightly 
different line, assigning the whole of the Sanmenian (which is the 
stage preceding the Choukoutien stage) to the Pliocene, instead of 
its lower part only (Pei), but this appears to be due to nomenclatorial 
rather than factual differences, the Sanmenian I of Pei being the 
Sanmen or Nihowan stage of Teilhard. Both authors consider the 
Choukoutien Sinantlu-opus deposits plainly as of lower Pleistocene 
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age. Dc Terra (1941), however, regards tlie Nihowan or Sanmcninn 
(Chinese equivalent of the Villafranehian of Europe) ns the lower 
Pleistocene, with the result that Sinanthropus becomes middle 
Pleistocene. This is rather more than merely a matter of chrono- 
logical nomenclature, since ‘ middle Pleistocene ’ conveys to tlic 
palaeontologist the impression of a much later phase in the evolution 
of the mammalian faunas than tlint represented by the Sinanthropus 
locality. It seems better to retain the boundary elaborated by 
Pilgrim (1944) which takes careful account of botli eastern Asia and 
Europe. 

The lithic industry of Sinanthropus, with quartz as main raw 
material, is lower Palaeolithic (Pci, 1939b, blarius, 1944, 1949). 
Breuil (1939) has shown that bones and antlers were utilized to a great 
extent, presumably because of the scarcity of suitable stone. 

The absolute age of Sinanthropus and his industry is thus likely 
to be in the neighbourhood of 500,000 years ; he stands compara- 
tively close to Heidelberg Man in the chronological scale. But 
whilst the latter definitely dates from the end of the lower Pleisto- 
cene, a wide range within this subdivision is available for Sinan- 
thropus. 

Upper Cave, Chonliouiien, Homo sapiens and Upper PalaeoUlhic. 
Attention should also be paid to a later deposit of the Choukoutlcn 
Hill, that of the ‘Upper Cave’, with its industry (Pei, 1939c, d), 
large numbers of bones of Homo sapiens (Weidenreicli, 1989), and a 
rich mammalian fauna (to be described by Pei). The age of this 
deposit is claimed to be ‘ late Pleistocene ’ by Pei (19S9d, p. 89) on 
faunal evidence. This point requires verification since the discovery 
of H. sapiens in supposedly Last Interglacial deposits in Australia 
suggests that modern man might date back to the middle Pleisto- 
cene in Asia. The industry is regarded as upper Palaeolithic; its 
lithic component is poor, but bone implements and ornamental 
objects are abundant. Weidenreich found that the three skulls 
typified three different racial elements, best to be classified as 
primitive Mongoloid, Melanesoid and Eskimoid. 

North-tcesl India, glaciations and Palaeolithic. The Pleistocene 
succession of north-west India is famous for its palaeontological 
contents. The lower series in particular, combined with fossilifcrous 
Pliocene, is well kno^vn under the name of the Stwalilcs, after the 
Siwalik Hills at the foot of the Himalayas near Dehra-Dun, at 
30° N. lat. and 78° E. long. The enormous mammalian material 
described by Falconer (1868) was drawn mainly from this area. In 
recent times, G. E. Pilgrim (1932) has greatly contributed to the 
advance of Plio-Pleistocene mammalogy in India. The climatic 
succession of north-west India has been investigated by de Terra 
and Paterson (1939) who suggested linkages of river terraces with 
moraines of Himalayan glaciations. Most of their evidence comes 
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from Kashmir, and Potwar in the northern Punjab (near the Salt 
Range), at a latitude of 83 to 34“ N. De Terra and Paterson also 
discovered Palaeolithic implements -which could be classified into 
industries. 

North--west India, a mountainous country at a latitude where 
the fluctuations of radiation resemble those of Europe, offers the 
unique opportunity of establishing a link between the temperate 
north and the tropical region. From de Terra and Paterson’s studies 
it is evident that the connexion of moraines with aggradation 
terraces is much the same in north-west India as in the Alps. A 
section through the Indus terraces near the confluence -with the Soan 
River is reproduced here (fig. 79). Apart from the Boulder Con- 
glomerate forming the hill and containing glacifluvial deposits and 
moraine, five terraces can be recognized of which the second and 
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no. 70. — ^Thc sequence of terraces of tlie Indus River, near the confluence 
with tlie Soan. — After de Terra and Paterson (1930, fig. 181), modified. 

fourth are glacifluvial. The others are regarded as interglacial 
stages. On this interpretation, and on the assumption that the 
glaciations of the Himalayas were contemporary with those of 
Europe, the foiuth terrace would correspond to the Last Glaciation, 
the second to the Penultimate Glaciation, and the Boulder Con- 
glomerate to the Antepenultimate Glaciation. (Note (41), p. 423.) 

On the other hand, if one accepts the astronomical theory, 
considers the glacial phases of the western Himalayas as the products 
of the local fluctuations of solar radiation and the influence of the 
Mediterranean pluvials,^ one would expect to find a sequence of 
glacial phasex similar to those of the Alps, subdividing the major 
glaciations. The sequence of five terraces follouing the Boulder 
Conglomerate indeed suggests such a succession, provided one inter- 
prets the ‘ interglacial ’ terraces of de Terra and Paterson as repre- 
sentatives of less intense glacial phases. In this case, the first and 

* Barometric depressions from the Mediterranean are known to reach north- 
west India occasionally even at the present time. 
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second terraces would correspond to PGli and PGl., and the third 
to fifth to three stages of the Last Glaciation.* This very tentative 
interpretation of the Indus terraces is supported by the great crosional 
gaps between the glaciations, and the much smaller gaps between 
the suggested glacial phases, namely, 

ErosJonal cap 

Boulder Conglomerate — ^Terrace I 300 ft. = Penultimate Interglacial 

Terrace I — ^Terrace II 70 ft. 

Terrace II — Terrace HI 230 ft. = I.ast Interglacial 7 

Terrace III — ^Terrace D' CO ft. 

Terrace IV — ^Terrace V 5O-C0 ft. 

Terrace V — Present River 30—10 ft. 

I am fully aware of the insecure foundation of this comparison, 
since the thicknesses of the aggradations resting on the benches had 
to be neglected, but the resulting sequence is highly consistent, and 
the Boulder Conglomerate is, as in dc Terra and Paterson’s inter- 
pretation, assigned to the Antepenultimate Glaciation. 

As regards the pre-Boulder Conglomerate succession, Pilgrim 
(1944) has corrected the conception that the Tatrot zone of the 
Upper Siwaliks corresponds to the Early Glaciation. Instead, he 
suggests that the Bain Boulder Bed from the north-west Frontier 
Province (Jlorris, 1938) which can be dated palacontologicnlly as 
Pinjor stage or slightly later (sec table, p. 277) is the equivalent of 
the Early Glaciation. Pilgrim further draws the Plio-Plcistoccnc 
boundary above the Villafranchian, immediately below the Early 
Glaciation (as done by many physiographers), while dc Terra includes 
the Villafranchian, and with it the Pinjor and Tatrot zones, in the 
Pleistocene. The correlation, however, of the Tatrot zone with a 
division of the Mediterranean Plio-Pleistocene is still problematic. 
The ensuing relative chronology of north-west India, which is very 
tentative, with the human industries as determined by Paterson, 
is as follows (summary' of industries in dc Terra and Paterson, 
1939, pp. 294-5) : (table on following page ; also Note (22), p. 413). 

It is remarlmble that, in this tentative clrronology, the relation 
of the early Acheulian and the appearanee of the Levalloisian teeh- 
nique to the Penultimate Glaciation are about the same as in Europe ; 
the Clactonian technique is observed in the rolled state in the early 
Soan B and C assemblages of Terraces I and II, but Paterson (in dc 
Terra, p. 307) mentions the coming in of Levallois-likc cores in the 
same assemblages, which he dates from the Penultimate Interglacial 
since he and de Terra regard Terrace I as an interglacial one. Also, 
the late Levalloisian would have persisted into the early part of 
the Last Glaciation and the late Palaeolithic appeared in the middle 
phase of this Glaciation, roughly at the same time as in Europe. 

Burma. Irraicaddi icrraces and Palaeolithic. Burma promises 

* Whether tlicse arc LG1„ LGl, and LGI, of Europe is not quite certain since, 
in the lower latitudes, a summer minimum at 04,000 B.P. becomes prominent. 
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Terrace V 

Terrace IV 

Terrace III 

7 Late Palaeolithic 

Late Levallois (cf. late Soan), less rolled 
than derived earh’er artifacts 

Last 

Interglacial 

Erosion 


Penultimate 

Glaciation 

Lower beds of' loess’ 

Terrace II 

Terrace I 

Late Soan (Levallois flakes dominating 
over pebbles) 

Early Soan (cf. Clactonian, but also 
Levalloisian technique appearing, 
with cores and flakes with prepared 
platforms 

Rolled early Acheulian, flakes, and 
early Soan (pebble industry) 

Penultimate 

Interglacial 

Erosion 


Antepenultimate 

Glaciation 

Narbada Beds -t- 
upper Boulder 
Conglomerate 

Upper Boulder Congl. with large crude 
flakes 

Antepenultimate 

Interglacial 

Lower Boulder Con- 
glomerate 


Early 

Glaciation 

Bain Boulder Bed 


Villafranchian 

Pinjor stage 


? Astian 

Tatrot stage 





Pontian 

Dhok Pathan stage 


Upper Miocene 

Nagri Chinji stage 



to become a further link between the temperate zone with its detailed 
Pleistocene chronology and the tropical zone with its suggested 
pluvial phases. Following the discovery of Palaeolithic tools by 
Morris (1932, 1986), the Irrawaddi River has been studied by de 
Terra and Movius, and the mammalian faunas determined by 
Colbert (1943). The five terraces are regarded as aggradations 
during pluvial phases which can be correlated with glaciations. The 
climatic aspects of the Irrawaddi terraces (north of 20° N. lat.), in 
the zone of summer rains and dry season, certainly deserve a close 
palaeoclimatological study. 

The implements found are classified by Movius under the name 
of Anyathian ; many were made from fossil wood. Most of them 
are chopping tools, and flakes are few. There is some resemblance 
with the early Soan of north-west India, but the Anyathian is a 
local cultxrre which runs through from Terrace I (considered of 
Narbada age, i.e. early middle Pleistocene or final lower Pleistocene 
in our system) to the Neolithic. 
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Java. Pithrcanthropus, Homo solornsis, d-c. Java occupies a 
prominent place in the history of early man on account of tlic large 
number of fossil hominids found there. Since Dubois discovered the 
first Pithecanthropus (1892), further human remains have come 
from several localities, so that at the present, tlircc main types arc 
represented. Homo eredus (Pithecanthropus), 11. solocnsis, and //. 
sapiens. The chronologj' of the Javanese Pleistocene, therefore, is 
a matter of great importance, but little systematic work has ns yet 
been done (sec, for instance, Duyfjcs, 1930). 

A verj' full report on Java has reccntlj' been written by dc Terra 
(1943), to which the reader may resort for more detailed information 
than can be given here. Most of the recent discoveries were made by 
von Koenigswald (193C&, 1937n, b, 1988), while II. soloensis was found 
by Oppenoorth (1937 ; Haar, 1934). Von Koenigswald has paid 
attention to the Pleistocene succession and has worked out tlie 
mammalia of many localities (1934, 1987fl, 1939), as well ns the finds 
of Palaeolithic implements (1936a). 

The geographical position of Java has tempted workers to 
correlate its Pleistocene deposits with those of India and Burma. 
In doing so, it must not be forgotten that the distance, both in miles 
and in terms of climatic zonation, is very great. Java lies at 7° S. 
lat., not less than 27 degrees of latitude south of Burma, and 41 
degrees south of that part of north-w'cst India which has been studied 
in some detail. Climatically, it occupies at the present a position 
just on and outside the southern border of the equatorial belt of 
rain at all seasons, where a dry season begins to make itself felt 
(comp. Zeuner, 1941). Java thus lies in the difficult zone in which 
the climate is likely to have fluctuated between rain at all seasons 
and a seasonally dry climate, in accordance with the oscillations of 
the caloric equator during the Pleistocene. How such changed 
would have acted on the rivers, is very difficult to make out withous 
a detailed investigation. The problem is further complicated bt 
the frequent over-supply of load to the rivers by the volcanoes, any 
by the neighbourhood of the sea. De Terra (1948) regards the 
influence of eustasy on the Javanese rivers as negligible, and he may 
well be right in connexion with certain sites, but generally speaking 
it is inconceivable that the rivers of a narrow island like Java 
should show no evidence of eustatic fluctuations. Knickpoints 
started by low sea-levels must have played a great part in the history 
of the upper courses of the rivers. Considering all these difficulties, 
none of which has as yet adequately been dealt with, and considering 
the separation of Java from the Indian mountain ranges by the 
equatorial zone, a correlation of river aggradations in Java with 
glaciations in north-west India, as undertaken by de Terra, is a 
venture which can only be called premature. 

In order to obtain some rough dates for the important finds 
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made in Java, therefore, the palaeontological method has had to 
be resorted to. Here, again, considerable dilBculties are met with. 
It is not easy to derive reliable conclusions from the comparison of 
faunas separated by some SO to 40 degrees of latitude and by the 
equatorial belt. This difiQculty has been fully realized by most 
palaeontologists in Java, but, faute de mieux, the Siwaliks still 
remain the standard of reference for Plio-Pleistocene faunas in 
south-east Asia. (Note (41), p. 423.) 

A second difficulty is involved in the practice of some authors of 
calling the Villafranchian the lower Pleistocene and, what is lower 
Pleistocene according to the system here used, the middle. This 
has to be kept in mind when reading papers on Java. 

The Javanese succession given in the following table is com- 
psite. Some of the sites are in eastern Java (Kendeng Hills), 
others in central Java (Solo River). At the present moment the 
succession may he computed in this manner (partly after de Terra, 
1943h, p. 455, otherwise based on von Koenigswald’s papers) : 


Stratigraphy 


Correlated 
Indian fauna 


Suggested 

division 


(Recent) 


Postglacial 


Silt terraces (Tj) and high flood-plains 
SAMPOENO FAUNA — Proto-Australoid 
people 

Volcanism and uplift with tilting 


Erosion : formation of terrace Tj 
Volcanism and earth-movements 
WADJAK MAN (?) (ftsSUtC deposit) 


Stream aggradation, Tj 
NQANDONO FAUNA — HomO SoloCnSlS ^ 

Volcanism 


Erosion and uplift 

NOANDONO FAUNA 

Volcanic Lahar deposits 
Dis conformity 

Erosion and strong uplift 
Aggradation of the synclines 


Kaboeh Beds, fluviatile 
TKiNii. FAUNA — Sclenlca’s Trinil Faxma. 
Pitliccanthropus. Flakes cf. Clactonian, 
some a primitive ‘ Levallois ’ 


Pocyang Beds, estuarine and fluviatile, 
with volcanic material 
DJETis FAXWA — Dubois’ Trinil Fauns. 
Homo modjoheritnsis 


KAU OUAOAn FAUNA 


Tai DJOUXNO FATWA Tstrot Astian 


' With bone industrj', including a * barbed spearhead ’ (von Koenigswald, 
1037 ). 
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Considering the great diiliculty of separating, even in Europe, tlie 
Villafranchian from the lower Pleistocene, tlic Djetis Fauna, with 
the infant skull of 11. modjok€rtensis,mt^y be regarded cither ns late 
Villafranchian or lower Pleistocene, since it is more advanced than 
the Pinjor Fauna. The Trinil Fauna, with Pithecanthropus, is 
perhaps late lower Pleistocene, or early middle, depending on what 
position will finally be given to the Narbada Beds. Tlie Ngandong 
Fauna, with II. solocnsis} is regarded as upper Pleistocene because 
it differs but little from the Recent fauna. In view of the primitive 
features of 11. solocnsis this is rcmarkableand dcsen-cscloscrattcntion. 

Australia, ancient beaches. Since the climatic phases of the 
Pleistocene of Australia have not yet been worked out in detail and 
since the glacial phases distinguished in Tasmania and eastern 
Australia cannot yet be correlated with those of Europe (in spite of 
several attempts which have been made), the succession of coastal 
terraces is the only available means of correlation with other con- 
tinents. Among the authors who have suggested custatic correlations 
arc Tindalc (1933, 1947), Lends (1934), Edwards (1941), Crocker and 
Cotton (1940), Fairbridgc (1947) and Tcichcrt (1950). 

Of the Tasmanian terraces too little is knomi for a custatic corre- 
lation with the northern hemisphere. Those of South Australia have 
received greater attention and arc by some regarded ns sufficiently 
stable for correlation with other parts of the world. Sprigg (1948, 
1952) has shown that as many as fifteen separate beach complexes 
can be recognized in the south-eastern proidncc of South Australia. 
He regards this sequence as evidence which supports the Astronomical 
Thcroy. But he also found that the area is unstable, and that during 
nearly the whole of the period of beach deposition, a slow down- 
warping to the north ns going on. Gill (195C) establishes the presence 
of an ancient shore-line at 7-5 m. that has been dated by radiocarbon 
as ‘ older than 35,000 years He regards it ns the equivalent of the 
Late Monastirian of the Old World and the Sangamon level of North 
America. 

Evidence for Pleistocene man in Australia. A valuable summary 
of the fossil remains of man found in Australia has recently been 
published by Mahony. Only the Talgai Skull and the Tartanga 
skeletons need be mentioned (except, of course, the new find from 
Kcilor). Although the Talgai Skull (from Queensland) was heavily 
mineralized, its geological position is uncertain. The Tartanga 
skeletons (from South Australia, Hale and Tindalc, 1928) proved to 
be of ‘ some antiquity ’, and Tindalc is inclined to think that they 
date from the phase of aggradation leading up to the lowest beach 
terrace which, presumably, is the equivalent of the Late Jlonastirian. 

Keilor skull. At Kcilor, near Melbourne, two fossil skulls and 

^ According to 4Yeidenrcicirs latest view (1913) I!, sotoeii'ds is more primitive 
than //. neanderthatensis. 
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parts of skeletons were found 18 feet below the surface, and 45 feet 
above the river, in a sandy, fluviatile terrace (Mahony, 1943a, b). 

The first skull has been described by Wunderly (1943), and the 
teeth and the palate studied by Adam (1943). Wunderly comes to 
the conclusion that the skull combines Australoid and Tasmanoid 
characteristics in about equal proportions. But Wood Jones (1944) 
points out that this is by no means convincing and that a number of 
difficult implications would arise if it were true. There is no 
question, however, that the skull belongs to Homo sapiens. 

A Pleistocene age of the skull was suggested to Mahony (19436) 
by its position in a stratified deposit, 18 feet below the surface of the 
Keilor Terrace of the MaribjTnong River. The surface of this terrace 
is 103 feet above low-water mark at the locality, and 60 feet nearer 
the sea. This is almost exactly the level of the Main Monastirian 
Phase in other parts of the world (18 metres), so that Mahony’s 
suggestion that the skull is Last Interglacial, seemingly receives 
confirmation. 

The terrace sequence of the Maribyrnong has recently been re- 
studied by Keble and Macpherson (1946) who take into account a 
postglacial eustatic fall of sea-level of as much as 15-20 feet and thus 
arrive at a somewhat younger age for the Keilor deposits. 

Apart from these alternatives, there is the third, viz. that the 
Keilor human remains represent a comparatively recent burial in 
the terrace deposits. This view has indeed been widely held. On 
the other hand, the presence of a layer of ash and calcined bones 
18 feet below the surface is difficult to explain if this is the right 
interpretation. 

The solution of the Keilor problem is largely due to E. D. Gill (1953, 
1954, 1955). He showed that in the earlier attempts at dating, the 
terraces were regarded as a function of eustatic sea-levels, whereas 
they now prove to be normal river sediments. Nevertheless, the 
specimen is of some considerable antiquity. Radiocarbon determina- 
tions have shown that a fossil hearth 3 feet 6 inches above the skull 
has an age of 8500 years ± 250, and from this Gill estimates that 
Keilor man lived 9,000 to 10,000 years ago, i.e. at about the time of 
the Central Swedish Moraine. 

There is other e^ddence for an even greater antiquity for the 
Australian aborigines, who go back to the time when extinct giant 
marsupials existed, together with the dingo, which was introduced 
by man. The radiocarbon dates obtained from shell gave, 13,725 
years ± 850 (Gill, 1953). 

Appearance of man in North America. Fossil man and human 
artifacts found in America have, up to the present, suggested a very 
late immigration of H. sapiens into that continent. The evidence 
for geological antiquity has been subjected to rigorous criticism, and 
those finds which may be regarded as reliable, date American man 
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back to some late phase of the Last Glaciation. Excellent sum- 
maries are found in the Symposium onEnrly Man (WZ~),m Indians 
before Columbus (1917) and in Flint’s book (1917). The most 
interesting American finds of artifacts belong to the Folsom industiy. 
Some evidence of its age has been given in Chapter II (p. 34 fl.). 
It may sufiicc, therefore, to refer again to Howard’s monograph of 
the industry' (1935), and the recent publication by Bryan and Hay 
(1910) on the Lindenmeier Site in Colorado. These authors studied 
terraces and moraines in the neighbourhood of the site and found 
that the Folsom culture is at least as old as the Cochrane Stage of 
the Wisconsin, but later than the St. Johnsbury stage. Relying on 
varve countings, they assign to the Folsom culture an age of from 
10,000 to 25,000 years, considering the real figure to be rather nearer 
the higher value. Two pre-Folsom industries arc known also, and 
the Cochise is partly contemporary with, partly later than, the 
Folsom. Radiocarbon dating, however, favours the later date 
(p. 844, Note (11), p. 40G). 

W. A. Johnston (in Jennes, 1933), and Antevs (1935) hold the 
view that ver\' approximate!}’ 20,000 to 15,000 years ago a passage 
opened for man to migrate from Asia to the Great Plains. They 
argue that, during the maximum of the Wisconsin, the ice-sheets of 
the Keewatin and Cordilleran centres were connected and that at an 
early stage of the retreat the two became separated, so that man 
arriving from Siberia via the Bering Straits (the sca-lcvcl was low 
at that time) was able to penetrate to the open country of central 
and south-western America. 

Conclusion, There is no need to add a summary to the sketchy 
surs'ey of Asia, Australia and America, The Pleistocene clironology 
of most countries involved is in such an cmbiy'onic state that dating 
is hardly more than an act of reasonable guessing, mostly on a 
palaeontological basis. In view of the importance of some of the 
finds made, especially in Choukoutien, Java, and south-east Australia, 
even such tentative dates arc not useless. In North America, Pleisto- 
cene clironology is, of course, highly developed, and being linked with 
the absolute chronology by the radiocarbon dating. This work 
remains to be done ; but early man is so late in North America that 
the detailed chronology of the finds would add but little to the 
world-wide problem of the evolution of man. 
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CHAPTER IX 

THE CHRONOLOGY OF EARLY MAN AND HIS CULTURES 

Reviewing as a whole the archaeological chronology developed 
in the last tliree chapters, one might say that it has revealed little 
that is new. Nearly every one of the datings given has been sug- 
gested before and, as regards the correlation tables, many others 
have been published that contain much fuller information. Yet, to 
attempt a reasonably consistent picture of the knowledge available 
at a given time, with a view to being comprehensive, is one thing, 
and to concentrate on a presentation of the established evidence, 
checked by various methods, and to eliminate subjective interpreta- 
tions, is another. Both tasks have to be carried out from time to 
time in every science. This book has, as should be obvious, the 
second object in view, and this renders it unavoidable that the 
general picture resulting from the evidence treated in it contains a 
number of blank patches. 

Nevertheless it is advisable, after our hurried tour around the 
world, to summarize the evidence collected, in order to see how 
consistent a chronology it affords and what problems arise from 
it. This is done here with the aid of two tables, one shelving the 
industrial stages (fig. 80), and another the skeletal remains of early 
man (fig. 81). 

In both tables two degrees of reliability are distinguished, (c) the 
high one of * age geologically established ’, i.e. of an industry or 
specimen having been found in a deposit which, in the author’s 
opinion, has been dated unambiguously on non-archaeological 
grounds, and (6) the tentative one, which is less certain either 
because close, detailed dating is still impossible, or because the 
determination of the industry or specimen is open to criticism. 
It is indicated hy italics. It will be seen that in the archaeological 
table the higher category is confined to Europe and the Mediter- 
ranean, while in the anthropological table many European speci- 
mens are tentatively placed, because geological evidence for their 
age is below the standard adopted in our chronology, so that they 
had to be dated by their associated industries. In view of the 
close succession of industrial phases of the upper Palaeolithic (to 
which most of the remains in question belong), however, the margin of 
error involved is likely to be small. 

The logical order might seem to be to discuss Man first and then 
his tools, but, since the chronology of industries is supported by so 
much more evidence than that of their makers, it is preferable to 
discuss the industries first. 
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A. ARCriAEOLOGICAI^ CnROKOIAJGY 

(Fig, 80.) 

Core, fake and blade culUires. The distinction of core (or hnnd- 
axc), flake and blade cultures adopted in the table is clearly an 
over-simplification, but it accords with the classification still in vogue 
at present. The interrelations between the three groups constitute 
a ^"pological problem which cannot be discussed, but from the 
clironological point of view it is interesting that in Europe the 
hand-axe cultures are finally absorbed by the Levalloisian and 
Mousterian at the end of the Last Interglacial. The flake cultures, 
in turn, last into the second phase of the Last Glaciation in some 
localities, and in the Pontine Marshes perhaps even longer, but in 
most areas of Europe they disappear with tlie first phase of the 
Last Glaciation. The appearance of blade cultures in the form 
of the Aurignacian is often considered as a clear-cut substitution 
which took place during the interstadial LGl,/,. This is so where 
middle or upper Aurignacian immediately follows Levalloisian or 
Mousterian, but in areas where the Mousterian is followed by lower 
Aurignacian (Chatclpcrronian) the transition from the ‘ middle ’ 
Palaeolithic ‘ flake ’ culture group to the upper Palaeolithic ‘ blade ’ 
group is less sharp. In Palestine, implements of the lower Aurig- 
nacian tj’pe appear in the Micoquian as early as during the Last 
Interglacial and are present in appreciable numbers in the lower 
Lcvalloiso-Mousterian at the end of this interglacial, though rare 
in the upper Levalloiso-Mousterian (pluvial corresponding to LGl,). 

In South Africa, it is difficult, if not impossible, to distinguish 
core and flake cultures, as has been repeatedly emphasized by van 
Riet Lowe (1937, &c.), Goodwin (1935) and Cooke (1941), and the 
blade cultures appear only in the microlithic form, and combined with 
the Levalloisian flake technique. 

West and eentral Europe. Gap of Antepemillimaie Glaciation. 
The west and central European part of the table shows a curious 
gap, the Antepenultimate Glaciation itself having yielded no identi- 
fiable industry.^ This gap was perhaps caused by the intensity 
of the second phase of the Antepenultimate Glaciation. It is quite 
conceivable that during this first very intense glaciation man was 
still ill-adapted to the climatic conditions of periglacial Europe and 
therefore on the whole avoided this zone. 

Hand-axe industries. The European succession begins w’ith the 
pre-Crag ‘ implements ’ of East Anglin, some of which are probably 
of pre-Early Glaciation age. Artifacts of a similar age have been 
described as ‘ Abbevillian ’ from Moroccan and Portuguese beaches 
of suggested Sicilian age. The exact relation of these implements 

• One scraper-like quartzite flake has been described by Soergcl (1020) from 
the second Prcglacial Terrace (ApGl,) of Thuringia. 
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to the beach deposits needs close investigation, since they may well 
date from the post-Sicilian regression, and thus be more or less 
contemporary with the Early Glaciation (see also p. 179). 

At the beginning of the Pleistocene we encounter the core and 
flake * industries * of the East Anglian Crags (Ipsvician, Norvdcian, 
Cromerian) which, as believed by some authorities, developed up to an 
Abbevillian stage. If this is so, the Abbevillian would have evolved 
from industries of the Crag type in the course of Early Glaciation 
times. This appears easier to understand than the suggested exist- 
ence of Abbevillian in pre-Early Glaciation times. In east and south 
Africa, the Abbevillian (early ‘ Chelles-Acheul ’) was preceded by 
pebble industries which very gradually evolve into the typical hand- 
axe industry. 

In the Antepenultimate Interglacial the Abbevillian is the char- 
acteristic culture. Whether the flake industry named Clactonian I 
is entirely independent of the Abbevillian, is not known, but it 
is clear that the root of the t3T)ical Clactonian of the Penultimate 
Interglacial is to be found in the flake industry of the Antepenultimate 
Interglacial. The allocation of the Abbevillian to this interglaeial, 
proposed by Commont long ago and upheld by Breuil, is confirmed 
by geological evidence from western Europe, The German view 
which assigned it to the Penultimate Interglacial must be abandoned. 

In the Penultimate Interglacial we meet with the lower Acheulian. 
Though many lower Acheulian tools are very typical, there are 
plenty of reminiseences of the Abbevillian in this stage, so that 
its evolution from the Abbevillian cannot be doubted in spite of 
the gap caused by the Antepenultimate Glaeiation. In view of the 
great difficulty of distinguishing middle from upper Acheulian 
(Bowler-Kelley, 1937, p. 7), and of separating the lower from the 
middle (Bowler-Kelley, 1937, p. 6, ‘ Cagny ’), no definite stage of 
the developed Acheulian can be assigned to the Penultimate Inter- 
glacial. It is clear, however, that by the end of this interglacial 
the Acheulian had acquired all its characteristic attributes, like 
ovates and the S-twist, The Acheulian of the end of the Penultimate 
Interglacial is called middle by some, and late by others, but it is 
futile to argue over this ; strictly speaking, only tluree stages of 
the Acheulian are tj'pologically distinguishable, lower (Breuil’s I-II, 
Commont’s Chellian), middle (Breuil’s III-V), and Micoquian. 

In the Last Interglacial, the middle or upper Acheulian persists. 
There is some suggestion of its presence during the Penultimate 
Glaciation in northern France, but generally speaking it is absent 
from the ‘ cold ’ deposits of Europe. Later in the Last Interglacial 
it develops into the Micoquian which appears to have persisted until 
the climate changed to the cold conditions of LGlj. 

The interesting feature of this evolution of the hand-axe indus- 
tries is the small amount of change observed, notwithstanding the 
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huge time-span covered. Judged by the standards of, say, the 
upper Palaeolithic, the evolutionary rates of the Crag ' industries ’ and 
of the Abbevillian, covering about 60 thousand years each, arc snmli ; 
but smaller yet is that of the Acheulian which lasted through 
800 thousand years of which something like 200 thousand years 
appear to have been occupied by the ‘ middle stage ’ (Ach. Ill to V). 
TJiis consers-atism of the Acheulian is one of the most striking 
phenomena in the chronology of the Palaeolithic. 

Flahe industries. Among the flake industries, the Clactonian 
is contemporarj' witli the Abbevillian and the lower Acheulian, 
and in technique it is indeed not unrelated to the former. It would 
be interesting to know whether the Clactonian actually persisted 
tlirough the Antepenultimate Glaciation in the periglaeial zone. In 
the earlier part of the Penultimate Interglacial it is in the typical 
stage, Clactonian II. This is definitely prior to the appearance 
of any Levalloisian. IITiethcr the so-called Clactonian III, or High 
Lodge industr}', belongs to the late Penultimate Interglacial, or 
to the Last Interglacial, has not been decided. Geological evidence 
tends to support the earlier age, but the t 3 ’pological step from 
Clacton II to Clacton III is great indeed. This, however, may 
be explained by an absorption of Acheulian methods by the Clac- 
tonian tool-makers (Hawkes, 1940, p. 16). 

The first appearance of the Levalloisian tecluiique is to be con- 
sidered as an event of some magnitude since it involves a greater 
amount of foresight in the making of tools. The (fractured or 
unfractured) raw material is not directly shaped into the tool, but 
a core specimen essentially dificrent from the desired tool is made 
first, and then the tool from a flake struck from the core thus prepared. 
It is of greatest interest, therefore, to watch the first traces of Leval- 
loisian technique coming in. 

In western Europe the Levalloisian as an industry is present 
in the first cold phase of the Penultimate Glaciation. That the 
technique appeared earlier than this, is not unlikelj’. At Swans- 
combe (100-foot terrace) where the implements have been studied 
most carefully, Hawkes inclines to the view that no real Leval- 
loisian is present (Swanscombe Report, p. 44), whilst Warren (/.c., 
p. 47) attaches more importance to the few flakes with prepared 
striking platforms that have been found, considering the Levalloisian 
as a continuous development from the Clactonian, during the lime 
of the Swanscombe aggradation (PIgl). In Germany, flake industries 
referable to this interglacial have sometimes a Levalloisian aspect. 
On the whole, therefore, the appearance of the Levalloisian technique 
in (probably the latter part of) the Penultimate Interglacial is to 
be presumed. 

The Lev'alloisian is, generally', a conservative culture. The early 
Levalloisian (Brcuil’s I-II) and again the early upper Levalloisian 
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(Breuil’s V) include large, coarse flakes. It is curious that both 
occur at the beginning of a glaciation (PGli and LGli, respec- 
tively), -when the climate was tvnning cold. There may be an 
ecological reason for the adoption of large flakes under certain 
climatic conditions. 

The Levalloisian lasted for some 180,000 years in Europe. It 
finally disappeared during LGIj. In South Africa, however, it has 
survived practically into modern times. (Note (44), p. 425.) 

The term Tayacian has often been applied by some to Clac- 
tonian-like flake industries which precede the Mousterian or are 
later than Clactonian II, and it has been suggested that they might 
be the ‘ missing link ’ between the two, the Tayacian being the 
parent of a Mousterian which, originally, showed no Levalloisian 
admixture. But it has not yet been made clear what is understood 
by ‘ Tayacian ’ when so used, since Breuil, when proposing the name, 
defined it as an industry ‘ a dclats ou la technique du plan de frappe 
pr^par^ s’introduit et s’associe avec la taille clactonienne ’ (1932, 
p. 184). Surely, if this is the original definition, ‘ Tayacian ’ cannot 
be confined to industries with Clactonian flakes and without any 
Levalloisian influence. For the time being, therefore, Tayacian 
appears to be used by many typologists for any kind of rough, 
Clactonian-like industry which cannot be classified as Clactonian I, 
II or III, and which often is patently due to poor raw material. 
The appearance of ‘ Tayacian ’ in our table, therefore, should not 
induce the reader to speculate on its chronological relations to 
other industries. Quite probably, many ‘ mousterioid ’ industries 
mentioned in literature are of the same type. 

Mousterian in the modern sense excludes, of course, the Leval- 
loisian. It is the product of cultural fusion, a flake industry having 
adopted Acheulian methods of retotiche, and to some extent even 
tool forms. At the moment the opinion is widely held that the 
‘ true Mousterian ’ is free from Levalloisian influence, and due to a 
fusion of Tayacian and Acheulian elements. As pointed out in the 
preceding paragraph, the Tayacian itself sometimes used the Leval- 
loisian technique. It is difficult to understand, therefore, how a 
‘ pure ’ Mousterian could exist. Indeed the industries from the 
type site of Le Moustier reveal that even in the lower layers of 
‘ pure Mousterian ’ typical Levalloisian flakes occur ; and that the 
Lcvallois technique was thereafter in use throughout the deposit. 
In La Quina, however, Levallois flakes are apparently absent,^ but 
this is not the type site of the Mousterian. 

> Bowler-Kclley (1937, p. IS) suggests an interesting explanation for this 
dirference : the raw material determined which technique, Levallois or Clacton, 
was used. At Le Jloustier, where pebbles were used, the Ijcvallois technique 
produced the largest possible flakes obtainable ; at La Quina, however, the raw 
material, blocks of flipt, did not enforce limitations in size of the cores, and the 
more wasteful, but simpler, Clacton technique was used. 
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The combination of Lcvalloisinn, Acheulinn and Tayncinn or 
Clactonian dements Avhieh resulted in the Mousterian industrj' of 
Europe oceurred during tlie Last Interglacial. Xo Moustcrian site 
is known which dates from the first part of this interglacial. It 
begins at a time when the climate was mild, when the Acheulinn 
blossomed out into the Micoquian, and when the middle Lcvalloisinn 
was nearing its end, whilst ‘ Tayncinn ’ preceded it in the earlier 
part of this interglacial. Conditions for the fusion of the three 
elements, therefore, were favourable. This fusion was hardly a 
unique event, and the great variability of the ^loustcrian suggests 
that local and temporary influences from outside played a great 
part in modifjdng it. 

The fusion of several elements into a new industry is, as such, 
not in the least surprising. In the very favourable climatic condi- 
tions of the second half of the Last Interglacial the population of 
Europe was conceivably fairly dense (i.e. within the low density of 
population possible under a wild-food economy), and the co-cxistcncc 
of two or three cultural groups side by side must have encouraged 
cultural intercourse and exchange of ideas. It is remarkable, how- 
ever, that the Levalloisians all the time maintained their cultural 
individuality, although they took over from the Achculians the 
practice of making hand-axes, and so forth. They did not merge 
with the Mousterians until the Last Glaciation, the Levalloisian 
VI/\^n now being generally regarded ns Moustcrian. The Achculians 
disappeared when the Last Glaciation began, whilst the Jloustcrian 
proved to be adaptable to the cold climate. This raises again the 
interesting question why the hand-axe industries vanished from the 
scene when a periglacial zone developed (see p. 292). 

In most parts of Europe, the Moustcrian did not outlast the 
end of the first phase of the Last Glaciation, During the following 
interstadial, Aurignacian replaced it, except in some circumscribed 
areas where the Jlousterian survived into LGlj. North of the Alps, 
an area of this kind is Dcrbysliire, but the ‘ Pin Hole Moustcrian ’ 
plainly contains an admixture of upper Palaeolithic elements. 
Other sites are Achenheim and northern France. 

Thus, we find that both Levalloisian and ISIoustcrian varieties 
of the so-called middle Palaeolithic survived locally into the time of 
the spreading and establishment of the upper Palaeolithic. Measured 
in years, this survival was a considerable affair, some 80 to 40 thou- 
sand years. 

In view of the association of Moustcrian (and Levalloisian) with 
Homo neanderOialensis, and of the Upper Palaeolithic with //. sapiens, 
one is inclined to interpret this survival in terms of race. There 
is probably some truth in this, but both anthropological and typo- 
logical evidence seem to indicate that absorption played a greater 
part in the process than did extinction (sec p. 801). 
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Appearance of Aurignadan. In east and central Europe, middle 
and upper Aurignacian are present at the beginning of the second 
phase of the Last Glaciation. It is difficult to say for how long 
the middle Aurignacian lasted into this cold phase, since the evidence 
from Renancourt on the Somme (p. 173) is not unambiguous. In 
Palestine, it begins in the latter half of the interstadial and lasts 
to the climax of the pluvial phase corresponding to LGlj. Its 
presence during the interstadial is further suggested by the Castillo 
cave. But it appears that, on the whole, upper Aurignacian took 
the place of the middle in most parts of Europe when and where 
the climate changed to the periglacial type early during LG^. 

The Chatelperronian (see Note (42), p. 425) is not reliably datable, 
though it most probably belongs to the early part of the interstadial 
LGlj/j. In Emope, it is known from few sites only and, since it 
precedes later Amrignacian, may well date from the first interstadial. 
But it may be earlier than this, since there is no evidence with regard 
to its maximum age. The Szeletian or eastern Solutrian of Hungary 
and Czechoslovakia, however, appeared definitely in this interstadial 
(ProSek, 1954 ; Zeuner, 1956), to which it is on the whole restricted. 

From the beginning of LGlj onwards, however, the archaeological 
succession is clearer. It may be summarized as follows. While the 
middle Aurignacian may have lasted into this time, upper Aurig- 
nacian or Gravettian dominates, both in the west (‘ western ’ Gravet- 
tian) and in the east (Pfedmost or ‘ eastern ’ Gravettian). When 
the loess phase of this glacial phase was at its climax, Solutrian 
appeared, north of the Alpine mountain chains, and in Spain. 
This was, in the major part of west Europe, a comparatively brief 
invasion since, when the climate was still periglacial, the Mag- 
dalenian followed the Solutrian in many areas, especially in the 
west of Europe. In other areas, such as east of the Elbe, the 
Gravettian developed into an industry which is comparable with 
the Magdalenian in many respects. In the south, the Gravettian 
is replaced by the Grimaldian at the same time. WTien the climate 
improved, the Magdalenian, both in its typical, w'estern, and its 
eastern variety, and the Grimaldian, persisted. 

Cultural changes during LGl^ and absolute chronology. The changes 
in the industries which took place during the second phase of the 
Last Glaciation appear at first sight crowded compared "with the 
stability of the following, long-extended period of the Magdalenian. 
This disproportion of the Aurignacian complex compared with the 
^lagdalenian was originally considered as real, and 30,000 and 50,000 
years were assigned to them respectively. Since then, evidence has 
been accumulating that the mild phase of the interstadial LGl^^a 
was short (Note (18a), p. 407). This means that the cold conditions 
of LGl. may have continued for some considerable time after the 
climax of tliis phase. Since the dating of the Gravettian in part 
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relics on climatic evidence it is conceivable, therefore, that the 
sequence. Middle Aurignacian-Solutrinn-Gravcttian-Early Magdalcn- 
ian has to be spread over a mucli longer period of time than fomicrlv 
suggested. IVhat cadence for mild, intcrstadial conditions exists 
(Pctcrfcls, p. IGl), would suggest that the mild phase preceded 
Jlagdalenian r\^ and that it was of the order of 15,000 years. It 
is impossible to do more than to suggest in the most tentative manner 
that this mild phase coincided with the period of maximum summer 
radiation about 45,000 years B.P,, perhaps with some retardation. 
Tile Aurignacian may thus have lasted some 50,000, and the 
Magdalcnian, 80,000 years. (Note (43), p. 425.) 

Duration of some industries. It may be useful to compare, in 
tabular form, the durations of some of the industries, as tlicy can 
be deduced from the absolute chronology of the Pleistocene. For a 
variety of reasons these figures must not be regarded as final, but 
as a picture of the present state of our knowledge they arc, I tliink, 
of some value. (Note (24), p. 415) : 


Industry 

1 Approximate cnrllfst 

1 find Litest dftlM 

Duration In SYar* 

Crag ‘indusiries’ 

? -340,000 B.P. 
540-480,000 B.P. 

00,000 vs. or more 

Abbevillian 

00,000 vs. 

Acheulinn 

430-130,000 B.P. 

soo,ooo' j-s. 

Middle-Upper AcbeuUan (excl. 
Micoquian) 

mid PIgl-mid LIgl 

200,000 N-s. or less 

Clactonian (excl. Tayncianl 

540-240,000 B.P. 

300,000 j-s. 

Levalloisian 

250-70,000 B.P. 

180,000 vs. 

Mousterian 

140-70,000 B.P. 

70,000 ys. 

Eastern Aurignacian 

c. 100-50,000 B.P. 

50,000 ya. 

Solutrian 

(longer ill soutli) 

short (?) 

Magdalcnian 

50-10,000 B.P. 

40,000 %-s. 

Mesolithic j 

20-c. 5,000 B.V, 

1 

15,000 ys. 


Apparent dependence of certain cultures on climate. The hand- 
axe culture is, on the whole, confined to the mild phases of the 
Pleistocene. The same applies, apparently, to the Clactonian. The 
Levalloisian and Mousterian occurred in both mild and cold phases, 
but owing to the absence of hand-axe industries from the cold phases, 
they dominate in the latter. I venture to suggest that the reason 
for these differences lies in the ecological specialization of the cul- 
tures, the true hand-axe being an excellent instrument for digging 
up roots, grubs, and other food from the ground, the Clactonian 
flakes with their strong cutting edges and many hollow scrapers 
being particularly suited for the working of wood, and the Leval- 
loisian being essentially a hunter’s culture, with a tjqic of flake 
which would as a rule be admirably suitable for cutting and preparing 
carcasses. If one regards 
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the Abbevillio-Acheulians as vegetable and grub gatherers 

the Clactonians as forest people 

the Levalloisians as hunters 

the Mousterians as hunters chiefly, -who acquired some 

of the practices of the other groups 

one is able to understand why the first two are essentially inter- 
glacial, and the last two both glacial and interglacial. 

Outstanding events in the Palaeolithic chronology of Europe. The 
two most important events in the course of the European Palaeo- 
lithic are unquestionably (a) the introduction of the Levalloisian 
technique, and {b) the arrival of upper Palaeolithic man. It is, 
therefore, interesting to compare the chronological positions of these 
two events in Europe and in other parts of the world. 

Mediterranean. The Mediterranean (see fig. 80, columns 
‘ Northern Mediterranean ’ and ‘ Palestine ’) appears to provide 
the clue to several problems related to the spreading of the upper 
Palaeolithic. With regard to the lower and middle Palaeolithic 
it adds no chronological information to what is known from tem- 
perate Europe, except the suggestion that the Micoquian influence 
in the upper Acheulian appeared earlier in Palestine than in western 
Europe, namely at the end of the Penultimate Glaciation. 

Last Interglacial. In Palestine, upper Palaeolithic tools appear 
as an admixture in the Acheulian and Levalloisian horizons during 
the Last Interglacial. Elsewhere in the Mediterranean area, and 
in temperate Europe, too, such upper Palaeolithic component is 
absent, though a few tool types which become prominent in the 
upper Palaeolithic are found in the Mousterian (burins, for instance). 
The evidence from Palestine suggests that during the Last Inter- 
glacial upper Palaeolitliic man w'as perhaps living somewhere in 
Asia (as suggested by Garrod), and shows that the upper Palaeolithic 
peoples, who invaded Europe after the first phase of the Last 
Glaciation, may have been members of a much older culture group 
than would be inferred from the European evidence alone. 

LGli. During the first phase of the Last Glaciation, we find 
Levalloisian and Mousterian, and their varieties, everywhere. In 
this phase, the upper Palaeolithic component in the Palestine 
sequence had become rare. 

Interstadial LGlyf^. During the interstadial LGlj/j, the middle 
Palaeolithic is much reduced, and by the end of this phase replaced 
by some form of upper Palaeolithic in most localities. Mousterian 
appears to smvive in middle Italy (as does the Levalloisian in 
northern France). The Chatelperronian is placed here, though its 
chronological position has become rmcertain and the possibility of a 
somewhat greater age cannot be excluded. 

The Chatelperronian is not known from North Africa, nor has 
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it been found in Italy. So far as the latter eountrjf is coneerned, 
there is reason to believe that this absence of the true Chatclperronian 
is connected wth the development of a local upper Palaeolithic. 
The Grotta Romanclli in Italy suggests perhaps that the Grimaldian 
vras developing its characteristics as early ns this interstndial, 
possibly influenced bj’ south Mediterranean industries. It would 
appear, therefore, that an Aurignneinn stock, contcmpomiy with 
the Chatclperronian, developed in Italy into the local Grimaldian 
variety of the Aurignneian, and that this process began during the 
first interstadial of the Last Glaciation. The faint indication of 
Cnpsian influence found by G. A. Blanc in the Terra Rossa of 
Romanelli might mean that the Capsian began as a similar. North 
African, development from an Aurignacian slock which had spread 
over the Mediterranean during the early part of the interstadial 
under discussion, though more typological evidence is required. 
The Szcletian developed under the impact of this Aurignacian. 

Thus, for the early part of this interstadial, one gains the impres- 
sion of local developments of a primitive Aurignacian stock, while 
in some areas the Mousterian or Levalloisian was still surviving. 
The evidence from this phase is on the whole scantier than from the 
later ones, so that one might suspect that the density of population 
was much lower than during the later phases. 

Later in the same interstadial, we witness the beginning of a 
remarkable period of migrations of upper Palaeolithic man. The 
first invasion of Europe was that by the middle Aurignneian, which 
occurred, presumably late, in the interstadial and possibly reached 
some places only at the beginning of LGlj. Garrod (1938, p. 20) 
has shown that this invasion started from the cast, perhaps the 
Iranian Plateau. In Palestine, the middle Aurignacian had a strong 
foothold and lasted definitely into LGl,. Miss Garrod’s admirable 
chart (1938, fig. 6) shows plainly that from Palestine and Anatolia, 
the middle Aurignacian localities extend across the Black Sea and 
north-westwards into central Europe, and thence westwards into 
France and Spain. This looks much like a geographically limited 
invasion by a people who worked north-westwards from the lands 
of the Black Sea, as did in later times the Danubians and other 
Neolithic tribes. 

It is very interesting to note that no middle Aurignacian is 
knonm from southern Italy. Instead, there is an abundance of 
Grimaldian, especially in Sicily. It was discussed and re-described 
by Vaufrey (1928) but is, unfortunately, not closely dated. It 
suggests that, while the middle Aurignacian invaders settled in 
Europe along the route outlined in the preceding paragraph, the 
Grimaldian continued to evolve from its ancestral stock in Italy. 

In the whole of Italy there is only one locality with middle 
Aurignacian, at the Monte Circeo (Blanc, 1939l»), but the section 
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does not yet render accurate geological dating possible (see p. 244). 
This appears to be the southernmost point occupied by the middle 
Aurignacians, possibly an isolated one reached from southern 
France. 

LGli. The second phase of the Last Glaciation witnessed so 
many changes that it is conveniently divided, though somewhat 
arbitrarily, into Period I (beginning of climatic deterioration, pseudo- 
pluvial), Period II (intensification of periglacial climate, passage to 
cold pluvial). Period III (climax of glacial phase, loess in temperate 
Eu ope, and cold-continental pluvial in Mediterranean), and Period IV 
(slight relaxation of the rigorous climate, immediately after III, 
initiating the conditions of the following interstadial). 

LGli •' P- I - — ^No marked change in the industries has taken 
place, the middle Aurignacian appears to persist where it had estab- 
lished itself, while the Grimaldian continues in Italy and Mousterian 
in parts of western Europe. 

LGli : P. II. — Whilst in Palestine the middle Aurignacian con- 
tinues, the Gravettian now replaces the middle Aurignacian in the 
whole of Europe except Italy. The eastern Gravettian, characterized 
by its shouldered points and female statuettes (Garrod, 1938, p. 23 ; 
A. C. Blanc, I938d) is intrusive, but unlike the middle Aurignacian, 
this migration entered Europe from the Russian plains, passing north 
to the Carpathians, and pushing through central Europe to France, 
with branches extending into the Grimaldian province (statuettes of 
Grimaldi and Savignano). The western Gravettian, whose separate 
character is emphasized by Hawkes (1940, p. 31), is contemporary 
with the eastern.’^ There is, so far, no suggestion of its origin, except 
that it cannot have come from Africa through Spain (Garrod, 1938). 

LGli • P- III - — During the maximum of LGlj, the western 
Solutrian intrudes into the Aurignacian sequence. It has been 
supposed that the Solutrian spread west from Hungary, a view which 
could be supported by the chronological evidence for the Szeletian. 
But the great thickness of the strata containing Solutrian at Parpallo 
in Spain (Pericot, 1942) may compel one to modify the traditional 
view. If this means long duration, and not merely a fast rate of 
sedimentation, the Solutrian would appear to have occupied a somewhat 
longer period of time than is suggested by evidence from France. 

In the south of Italy, a Capsian influence in the Grimaldian 
becomes more noticeable. 

LGli - P- IP - — ^After the climax of LGI 2 , when the climate was 
still periglacial in temperate Emope, the Magdalenian culture super- 
seded the Solutrian in western Europe. As shown by Breuil in his 
classic work on the upper Palaeolithic (1912, 1937), it represents 
another wave of immigrants. The extreme adaptation to tundra 

^ Wliere ‘ eastern ’ influence is noticeable in the western Gravettian, it is in 
the upper, * Font Robert ’, level only. 
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nnd taiga cxliibitcd by the Magdnieninn suggests tlmt it evolved in 
an area u-hcrc these environments existed, though tlie absence from 
Europe of industries which might be ancestral to the Jlngdalcninn 
indicates that this evolution took place elsewhere. 

But tj'pical Magdalenian did not appear cvcrywlicre in the 
periglacial zone. Scanty evidence from central Europe shows that 
upper Gravettian traditions suianvcd nnd that industries of this 
type eventually changed, by convergence due to similar environ- 
mental conditions, into industries of Magdalcnian facies. 

In Italy, the Grimaldian continued. Locally, even a final 
Sloustcrian may have persisted. In Palestine, the middle Aurig- 
nacian was, bj’ this time, replaced by the Atlitian which appears 
to have grown from the local middle Aurignneinn by a process of 
hybridization with other upper Palaeolithic industries. No Gravet- 
tian or Grimaldian stage lias been found in Palestine. 

Interstadial LGli/i. During the interstadial LGlj/j, we find an 
intensification of local evolution everywhere. The time of definite 
migration has apparently come to an end. 

While the Jlagdalenian and its substitutes continued in peri- 
gfacial Europe and in Spain until after the maximum of LGlj, the 
Grimaldian persisted in Italy. On the Risdern, temporary Mag- 
dalenian influence is recognizable, and the Capstan also appears to 
have contributed to increase the variety of industries, partly by 
introducing a microlithic element. 

European and Mediterranean upper Palaeolithic. Conclusion. 
Surveying the upper Palaeolithic of Europe and the Mediterranean 
as a whole, we must admit that many problems, especially those 
of the sources of the Capstan, Chatelperronian and First Interstadial 
Grimaldian, remain unsolved. Apart from this, however, a fas- 
cinating picture of a Palaeolithic ’ Age of Migrations ’ begins to 
reveal itself, when in comparatively close succession the middle 
Aurignacians, Gravettians, Solutrians nnd Magdalenians invaded 
Europe from the cast. 

North-west India. Since the correlation of the north-west Indian 
Pleistocene with that of Europe, based on the detailed clu-onology, 
is highly tentative, it must suffice here to point out that, provided 
the suggested correlation is correct, the Early Acheulian would have 
appeared at the same time as in Europe (PIgl). The first traces 
of the Levalloisian teclmique would fall at the Penultimate Glacia- 
tion, presumably its first phase, and the Late Levalloisian would 
have been contemporary with the end of the Last Interglacial, 
again as in Europe. There is no ob\'ious discrepancy in the Palaeo- 
lithic of north-west India and Europe. In particular, attention is 
drawn to the fact that the Levalloisian appeared at abo\it the 
same time as in Europe. (For Gujarat, see Zeuncr, 1950 .) 

South Africa. The correlation of South Africa \vith the northern 
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hemisphere is even more tentative than that of north-west India 
with Europe. Taking it for what little it is worth, it would show 
that on the whole the cultures were somewhat retarded in South 
Africa. The pre-Stellenbosch stages would be contemporary with 
the Abbevillian of Emrope. The Stellenbosch, however, would have 
caught up with Europe during the middle Pleistocene and thus 
have been largely contemporary mth the Acheulian. The Leval- 
loisian technique would, once more, have appeared in late middle 
Pleistocene times. The upper Palaeolithic would have had little 
influence in South Africa, even the latest Pleistocene industries being 
basically of Micoquian and Levalloisian tradition. 


B. CHRONOLOGY OF EARLY MAN 

(Fig. 81.) 

Pithecanthropiis-group. In the Pithecanthropus-group of the 
table, the Javanese finds have been combined with those of Sinan- 
thropus from China. There is little doubt, after Weidenreich’s 
studies (1943, &c.), that the two are so closely related that they 
can be regarded as geographical races of a single species ^ (Weiden- 
reich, 1940, p. 377). This species should, according to the Inter- 
national Rules of Zoological Nomenclature, be called Homo erectus 
(Dubois), with the subspecies H, e. erectus (Dubois) and H. e. peM- 
nensis (Black). H, modjoheriensis, discovered by von Koenigswald 
(1936&), is a juvenile specimen of Pithecanthropus or H. e. erectus 
(Weidenreich, 1940, p. 376 ; 1943, p. 229). All these specimens 
are of lower Pleistocene age, though Pithecanthropus may just 
have lasted into the middle Pleistocene. The finds made up to 
the present, therefore, suggest that the Pithecanthropus-group of 
Homo is of great antiquity and that, to give a very rough date, it 
existed prior to 400,000 B.P. 

A somewhat uncertain position is occupied by Homo soloensis 
Oppenoorth, which the author regards as belonging to the Neander- 
thal stage, though he emphasizes at the same time that in the struc- 
ture of the si?ius frontalis it resembles Pithecanthropus sufficiently 
to make one think of a direct line of descent. Weidenreich (1943, 
p. 276) has developed this idea still further and regards H. soloensis 
as a link bet^veen Pithecanthropus and the modern Australoids. 
On palaeontological evidence H. soloensis has been allocated to the 
upper Pleistocene. 

Another find of a primitive skull was made at Rabat in Morocco 

* Unless one regards all fossil and recent men ns forms of one species, as 
suggested by Weidenreich (1943, p. 270, no. 10). It is more convenient, however, 
to distinguish three, H. erectus, H. neanderlhalensis, and H. sapiens, but bio- 
logically they arc hardly more than ‘ good subspecies ’. 
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(Marjais, 1034). The left portion of the maxilla and the mandible 
arc preserved. Though described as Ncandcrtlialoid by Vallois 
(1945), this specimen exhibits so many primitive characters that it 
is advisable not to assign it to the Xcandcrthal-group seimt slrido. 
Its geological age svas first dctcnninetl by Nciu-illc and Rflhlmann 
(1044), who came to the conclusion that Rabat Man lived during 
the period between the retreat of the TjTrheninn sea and the 
Monastirian transgression to 12-15 metres. This, if true, would 
mean that the fossil dates approximately from the Penultimate 
Glaciation. Choubert and Jlar^ais (1047), however, hold that the 
specimen is older, belonging to the pre-Tj-rrhenian regression. 

Atlanthropus, found at Temifinc (Palikao) in Algeria (Arambourg, 
1955), is the most important recent discovery belonging to the 
pitliccanthropine group. Three jaws are known (Arambourg, 1950). 
The fauna includes Machairodus and other early species, and the 
accompanying industry' is a primitive Acheulian with cleavers. This 
discovery' associates the Acheulian with a pitliccanthropine tj'pe of 
man, though it remains to be established whether such association 
applies every'^vhere. The virtual non-existence of Acheulian human 
finds makes this site very important. 

Neanderthal-group, Little need be said about the Neanderthal- 
group of man. The age within the detailed clironology of most of 
the finds has been discussed by Zeuncr (1940). All fall within the 
Last Interglacial and the first phase of the Last Glaciation, with 
the exception of the Steinheim Skull, the geological position of 
which is now certain to be Penultimate Interglacial (Adam, 1957). 
The Rhodesian Skull (//. rhodcsiensis), an undated Ncanderthaloid, 
has been placed in the upper Pleistocene by' Desmond Clark and 
others (1950). 

No Neanderthal remains have yet been found which confirm 
his assumed association wth the surviving Lcvalloisian and Mous- 
tcrian after LGL. 

The suggestion that the Neanderthal group originated in the lower 
Pleistocene may' be based on the Heidelberg jaw, from the intcr- 
standial ApClj^j. Weidcnreich (1930, p. 120 ; 1957) regarded 

it as a member of the Neanderthal group, and if this is correct 
Neanderthal man could well be descended from the Pithecanthropus 
group. The Steinheim skull of the Great Interglacial is a pre- 
Neanderthaler and continues this line. Swanscombe man, dating 
unquestionably from the same interglacial may well be a pre- 
Ncanderthaler also, although its sapiens features have been greatly 
stressed. 

Homo cf. saptens-group. The view that H. sapiens is a late 
figure on the human stage is still held by some authors. The chrono- 
logical evidence, however, though scanty' for the early' pliases, does 
not support it (Zeuner, 1957). 



HOMO CF. SAPIENS 



no. 81.— Chronology of Fossil Man. Tentative datings in f/oZics. (1) Other 
Ncandeittaloids tentatively referable to LGlj are La Ferassie, Pech de I’Azd, 
Monte Cireeo (second alternative). 
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Some human fossils -wilh sapiais characters come, or have been 
described ns coming, from the lower Pleistocene. One is Piltdomi 
Man (‘ Eoanthropus ’ daicsoni (Smith Woodwanl) ), which, however, 
has been proved to be a forgerj* (Oakley, 1050 ; IVcincr cl al., 1055 ; 
Note (45), p. 425). Apart from the fluorine content, the anntomic,ai 
study of the teeth by Lc Gros Clark, that of the ‘ implements ’ bv 
Oakley and the chemistrj' of the bones, their radioactivity and the 
geological position of the site have made this evident. The jaw had 
previously been under suspicion (Weidcnrcich, 1030 ; Marston, 1050). 
This specimen, therefore, has to be struck from the list. 

In East Africa, Leakey (1030) holds that both the Kanam jnw 
and the Kanjcra skull fragments arc of lower Pleistocene age, but 
others regard their age ns uncertain. There is a fair chance, however, 
that fresh evidence will come fonvard from this important area. 

In the middle Pleistocene we are on safer ground. Swanscombe 
Man, dating imqucstionably from the Great Interglacial, resembles in 
its presen’ed characters Homo sapiens (Swanscombe report, 1038), 
Coon (1030) erroneously associated with it Galley Hill Man (Keith, 
1020, p. 250), a skeleton found in the vicinity which has proved to be 
a Postglacial burial. (Note (45), p. 425.) There are other discoveries 
of skeletal remains of modern tj'pc from apparently middle Pleistocene 
deposits, such as Ipswich Man (Keith, 1029, p. 292), whose slrali- 
graphical position is regarded as doubtful by most workers. These 
fossils cannot be resuscitated again, but Swanscombe Man, if he 
indeed is a pre*Neanderthaloril ancestor of Homo cf. sapiens, would 
provide a link. He existed during the Penultimate Interglacial, 
about 250,000 or more years ago. This makes him older than the 
entire true Neanderthal-group. 

In the Last Interglacial, the presence of Homo cf. sapiens has 
been confirmed by the discovery of two cranial fragments at Fontd- 
chevade (Charente, France). They were found by Mile. Henri- 
Martin (1947 ; Movius, 1948) and the remains described by Vallois 
(1947). The associated industry is Tayacian (Breuil, 194C). This 
is indeed an important find ; though the age of the stratum has 
not yet been established on strictly geological evidence, it is certainly 
interglacial, and most probablj' Last Interglacial (Note (40), p. 420). 

Another representatis^c of Homo sapiens regarded as of the Last 
Interglacial, is the Keilor Skull from southern Australia. This recent 
discos'ery has since pro%’cd to be of postglacial age. (See p. 280.) 

Prehistoric evidence also suggests that 7/. sapiens was well estab- 
lished before he entered, or perhaps re-entered, the European scene 
at the beginning of the upper Palaeolithic. 

In the light of this evidence. Mount Carmel Man is likely to 
be of the hybrid type. Keith and McCown consider him a form 
intermediate between H. neandcrthalensis and 77. sapiens, and dis- 
card the hybrid theory for lack of conclusive proof (sec, for instance, 
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McCown, 1936, p. 137). Since the time of their work, however, 
Swanscombe and Font^chevade Man have weakened their argument 
that there is no ‘ certain evidence of the presence of Neanthopic Man 
in periods anterior to the end of the Pleistocene Coon (1939, 
p. 25, p. 38) regards the population of the Skhul cave of Mount 
Carmel as hybrids between the two types of man which existed 
at the time. This theory finds support in archaeological evidence. 

liluch of Europe, however, and Palestine in part, appear to have 
been populated by more or less pure Neanderthal men, from the 
middle of the Last Interglacial to the end of the first phase of the 
Last Glaciation. Then, in the interstadial LGlj/g, H. sapiens began 
to replace H. neanderthalensis in the whole of Europe, most evidently 
as the result of large-scale immigration. That H. neanderthalensis 
was not completely exterminated, but at least partially absorbed 
by the immigrants, has been suggested by Coon on anthropological 
evidence (1939, p. 37), though this author thinks ‘ that the main 
accretion of the Neanderthal element took place farther east’. 

It is very interesting to follow these waves of H. sapiens in 
the upper Pleistocene of Europe. 

Upper Pleistocene Homo sapiens in Europe. Combe Capelle. The 
earliest remains of H, sapiens (apart from Swanscombe Man) are 
those associated with the Aurignacian industries. Coon (1939, p. 83) 
lists tliree specimens of the lower Aurignacian, (a) Combe Capelle, 
and {b, c) the two negroids from Grimaldi. The last two, however, 
are not earlier than middle Aurignacian, so that only Combe-Capelle 
Man remains, a scanty basis indeed on which to build conceptions 
of racial history. This specimen differs in many respects from the 
middle and upper Aurignacian specimens and is more akin to Recent 
man than is this intervening fossil group. 

Grimaldi negroids. The negroid skeletons from the Grotte des 
Enfants, too, deviate from the majority of upper Palaeolithic men, 
but also from Combe Capelle. They show nothing of the robusticity 
and exuberance of bodily growth of Cro-Magnon Man, whose con- 
temporaries they were. 

These skeletons came from foyer I of the Grotte des Enfants. 
Originally, they were regarded as associated with lower Aurignacian, 
which view has been adopted by Burkitt (1925, p. 185) and Coon 
(1939, p. 33). But Vaufrey (1928, pp. 108-9) states that the foyer K, 
beneath these skeletons, contains Aurignac bone points (a base 
fendue), burins busquds and lames d ^tranglement which are middle 
Aurignacian types. In the layers above, upper Amrignacian stone 
tools become abundant, and the bone tools rarer and atypical. 
For this Italian facies of the upper Palaeolithic, Vaufrey adopted 
Rellini’s term, Grimaldian. It looks, therefore, ‘ s’il y avait sub- 
stitution au facies aurignaeien occidental (Aurignacien sensu siricto) 
du facies italien de cette meme Industrie ’ (1928, p. 109). 

11 
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This suggests that the negroids are not lower Aurignncian, but 
middle or upper. The fact that a skeleton of Cro-JIagnon type 
was found in foyer H, where the upper Aurignacian tool ty{KS 
become frequent, might indicate that the negroids licrc represent the 
middle Aurignacian, but this most certainly need not imply that 
all middle Aurignneians were ‘ negroids This question needs 
investigation after a careful typological allocation of the Aurignacian 
skulls which have so far been considered in bulk only bv most 
anthropologists. 

The precise age of the negroids appears to be late in the inler- 
stadial LGl,/i, since Merck’s Rliinoceros is found only in the deeper, 
Mousterian level (L), according to Obermaicr, while the reindeer 
does not appear until foyer F, which is in the Grimaldian comple.-c. 
Cro-Magnon Man occurs immediately above the negroids, i.c. late 
in the interstadial or at the beginning of LGl.. 

The Grimaldi ‘ negroids ’ stand curiously apart from other men 
of Aurignacian age. Though their affinity to the negro stock is 
by no means certain, they indicate the presence of a race different 
from both Combe Capelle and Cro-Magnon, and unknown elsewhere 
in the Palaeolithic of Europe. 

Ch6telperron. Another skull of H. sapiens appears to come from 
the type site of the Ch&lelpcrronian (Lacaille, 1D47), but it is not 
dated geologically. 

Cro-Magnon. Middle and Upper Aurignacian Man ^ is well 
attested by about 85 skulls which all belong to the Cro-Magnon 
type. In this group, Coon has found evidence for the admixtmre 
of Neanderthal blood wliich he makes responsible for several of 
the properties of this race, such as its tallness, for instance. IVlicthcr 
the Cro-Magnon race appeared as early as in the mild interstadial 
LGli/., or not until the climate turned cold at the beginning of 
LGIj, is uncertain. Certain it is, however, that they w’ere present 
by this time, not only in large numbers, but also in two different 
racial types, a dolichocephalic eastern or Pfedmost type, and a 
more broad-headed western type (Cr6-Magnon proper). This early 
racial differentiation finds a parallel in cultural differences. 

Magdalenian and later man. The Cro-Magnon type survived 
into the Magdalenian. But another type has been found associated 
with the Magdalenian, that of Chanceladc, supposed to have cskimoid 
affinities. Since the Magdalenian was especially adapted to life in 
a cold climate, it has been suggested that Magdalenian and Eskimo 
are related, both racially and culturally (for instance, Morant, 1920, 
pp. 257-76). While the cultural resemblance, so far as it e.xists, is 

* Coon considers this group in bulk, together with Solutrian man, because the 
material was originally monographed by Morant (1030-1) in this form. Coon’s 
conclusions are based on a rc-eonsideration of Morant’s extensive study of this 
group. 
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believed by several authors to be the result of convergence, the 
racial affinity is still mb judice. Although there are several skulls 
from various localities which exhibit the eskimoid features (eversion 
of gonial angles, prominence of malars, flattening of part of facial 
plane), quite a number of true Cro-Magnon specimens have been 
found associated with Magdalenian (Laugerie Basse, for instance). 
Coon (1939, p. 49) therefore concludes that during the Magdalenian, 
‘ the internal diversity of Upper Palaeolithic European man became 
more noticeable than before. Some of the examples which are left 
to us represent a continuation of pre-existing Aurignacian forms. 
Others show a modification found among living peoples of the Arctic, 
while still others anticipate the size reduction of the Mesolithic.’ 

CondusioJi, The chronological distribution of early man does 
not conform with some of the current theories on the evolution 
of man. Since in selecting om- evidence high standards of reliability 
have been applied, it may be said that, though the chronological 
arrangement cannot be regarded as infallible, it will require fresh 
evidence, and not merely arguments, views or inclinations, to dislodge 
substantially the more important examples used. 

One point is apparent from the table, that the evolution of 
Homo is not entirely confined to the Pleistocene. We find the 
definitely human Pithecanthropus-group in the lower Pleistocene. 
Considering that it is preceded phylogenetically by the Aristralo- 
pitechus group of South Africa, the Homo-stock as a. whole must 
date from well within the Pliocene. 


C. CHRONOLOGICAL ASSOCIATION OF HUMAN REMAINS WITH 
INDUSTRIES 

For the sake of clarity, the tools and the skeletal remains of 
early man have been treated separately in the preceding parts of 
this chapter. It now remains to point out very briefly those instances 
in which a definite association of an industry or culture with a 
certain race is indicated by the evidence available up to the present. 
In doing so it will be necessary to bear in mind that the picture is 
liable to change as fresh evidence comes forth, and that, in this 
matter, we are very apt to favour, consciously or not, certain pet 
theories. The following account, therefore, does not enter into 
the discussion of theories ; it is intended to present the evidence 
with which theories have to conform. 

Piiliecanihropus-groiip. The tools found with the fossils of the 
Pithecantliropus-group do not afford definite information on the 
cultural level. Only the implements from Choukoutien are plenti- 
ful enough to constitute an industry. Both lithic and bone com- 
ponents are atypical (Pei, 1989i>) but the tool types comprise both 
flake and core implements. Hand-axes are completely absent 
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(Movius, 194 J), but choppers and cliopping-tools exist. Lcvnlloisinn 
technique appears to be absent, and it could hardly be expected 
because of the poor raw material (quartz). 

The Patjitanian of Java is believed by Mo^^us (1044) to be con- 
temporarj- with Pithecanthropus ercctus. This is a massive and crude 
industry with chopper and cliopping-tools. Nevertheless, it does 
contain bifacial implements developed from pointed chopping-tools, 
which may be regarded as primitive hand-axes. It is conceivable, 
therefore, that we arc here confronted ss-ifh a transition from a 
chopper-chopping-tool stage to a real liand-axc induslrj*. 

At Tcrnifine in North Africa another pithccanthropinc type of man 
proved to be associated with a primitive Acheulian industry. It is 
thus found that this group of Homo manufactured both chopper- 
chopping-tool industries as well ns hand-a.xc industries. IIow 
significant the finds so far made arc remains to be seen. 

Neandcrthaloids andjlahc industries. Nothing whatever is known 
about the kind of man who made the Clactonian. Also, nothing 
is knorni about the lithic industry, of Homo hcidclbcrgcnsis. It is 
possible, however, that he used bone (see p. 157). 

The Levalloisian group of industries is associated with H, man- 
dcrthalensis in Jersey (teeth only ; middle-upper Levalloisian), and 
in the Mount Carmel Caves (Tabun, lower Levalloiso-JIoiistcrian). 
This is scanty esndence indeed for tlie widely-held view that the 
Levalloisian. was made by Neanderthal man. 

The Jlousterian, however, is undoubtedly, and apparently with- 
out exception, an industry of H. ncandcrthalcnsis. All the many 
specimens, both from the Last Interglacial and from the first phase 
of the Last Glaciation, which have been found together with imple- 
ments, proved to be Jlousterian, with the exception of the two 
mentioned above. 

The final stages of the Moustcrian and the Levalloisian which 
locally survived the first phase of the Last Glaciation, have not 
been found associated with human remains. 

On this background of facts relies the theory that H. ncandcr- 
ihalensis was the man who produced the flake industries. It is 
considerably weakened by the recent discov’crj’ of apparent H. sapiens 
in association with a Tayacian industry at Fontdchcvadc. 

Homo sapiens and hand-axe cuUure, This theory is comple- 
mentary to that which attributes the hand-axe industries to the 
H, sapiens group. There is only one locality which suggests this 
association, namely, Swanscombe. The belief that the hand-axe 
industries are the work of H. sapiens has originated, so far as I 
know, in some arguments of Leakey (1936, p. 1C4, for instance), 
put forward in a cautious manner, that (o) H. sapiens must have 
been fully evolved by middle Pleistocene times, since otherwise 
there would have been no time for the evolution of the several races 
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with which we are confronted in the upper Pleistocene, and (b) since 
the Levalloisian-Mousterian group was H. neanderthalensis, the hand- 
axe group should, per exclusionem, have been this early H. sapiens. 
It will be noticed that this argument does not rely on either Leakey’s 
disputed fossils from Africa, or on any find positively proving the 
association (Swanscombe was not known yet at the time Leakey 
expressed this opinion). As a possibility, this theory should be 
regarded seriously, but it cannot be denied that Swanscombe does not 
yet justify sweeping generalizations. This is so especially since 
Swanscombe Man is by many workers regarded as a pre-Neander- 
thaler and since at Ternifine Acheulian is associated with Alan- 
thropus, a member of the Pithecanthropus group. 

H. sapiens and blade cttUures. There is abundant fossil evidence 
that the upper Palaeolithic blade industries were made by H. sapiens. 
This need not be illustrated by examples, but among the many 
which exist some provide more detailed information concerning the 
appearance of races of H. sapiens in definite association with certain 
industries. 

Beginning with the earliest instance of this kind, the Mount 
Carmel Caves must be mentioned again. Professor Garrod (1937) 
observed that, during the Last Interglacial, the Acheulian as well 
as the overlying Levalloiso-Mousterian layers contain a conspicuous 
upper Palaeolithic component. In the lower Levalloiso-Mousterian 
of the Tabun Cave, H, neanderihalensis was found, but in the Skhul 
Cave, the numerous individuals cover the range from H. neander- 
thalensis to H. sapiens, though associated with the same industry. 
It is not unreasonable to suggest that the H. sapiens-component of 
this population has something to do with the upper Palaeolithic 
element present in the predominately Levalloisian industry. 

In the Aurignacian succession which has been discussed repeatedly 
in this book, we find the following associations of races and industries, 
beginning wdth the earliest : 

(1) Combe-Capelle Man with lower Aurignacian. 

(2) Grimaldi negroids with middle or upper Aurignacian. 

(3) Cro-Magnon Man with middle and upper Aurignacian, Solu- 
trian and Magdalenian. Two races distinguishable, 

(4) Chancelade Man -with Magdalenian. 

Group (3) is of particular interest since its physical characters 
have been ascribed to the admixture of some Neanderthal blood. 
Culturally, of course, there is no trace of a corresponding middle 
Palaeolithic component left, but the suggested survival of Leval- 
loisian and Mousterian into the time of Cro-Magnon Man renders 
more probable such racial admixture at a slightly earlier date. 

Within the Cr6-Magnon race, an eastern dolichocephalic and a 
western brachycephalic group have been distinguished. There is 
a corresponding cultural difference between the ‘ eastern ’ and 
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‘ ■n’cstcrn ’ Gravettian, and Havrkcs (1940) favours the idea that 
the eastern group of man was the bearer of the eastern Gravettian. 

Considering that, in a comparatively short period of lime, vre 
meet vrith several types of II, snpiens, two of which appear to possess 
some Neanderthal blood, one has to admit that the evolution of 
H. sapiens must have taken place much earlier than during the 
early pliases of the Last Glaciation. Physically, Swanscombe hlan 
confirms tliis, but culturally it raises tlic interesting question of the 
origin of the upper Palaeolithic. The two alternatives arc : — 

(a) The upper Palaeolithic evolved from tlic Mousterian, under 
the modifjnng influence of II. sapiens. Tliis is to some extent 
supported by tlie existence of transitional cultures, such ns that 
of Abri Audi, and also by Szeleta. The intriguing factor, however, is 
Combe-Capelle Man, who is more II. sapiens than his successor, 
Cro-Magnin Man (Coon, 1939). One would rather expect a racial 
transition, due to interbreeding, at the beginning of the upper 
Palaeolithic, if this theorj’ were true. 

(b) The upper Palaeolithic has a long historj' and is closely and so 
far exclusively associated with II. sapiens. Conclusive evidence for 
this is lacking, but some circumstantial e%’idence can be adduced. 
The most primitive upper Palaeolithic assemblages of artifacts known 
(Palestine, ?Kenya) can be derived topologically from the Acheulinn 
by assuming a certain amount of bonxnving from the contemporar}' 
I^valloisian. 

New discoveries are necessary to decide which of these alter- 
natives, or any new and unexpected ones, are right. It is not the 
purpose of a book on chronology to discuss problems of this kind, 
interesting though tliey may be. 



PART IV 


DATING THE HISTORY OF THE EARTH AND OF LIFE 
BEFORE THE ARRIVAL OF ]\IAN 
{Back to about 3,500 million years ago) 

CHAPTER X 

THE MEASUREMENT OF GEOLOGICAL TDEE PREVIOUS 
TO THE PLEISTOCENE ICE AGE 

Introduction. The preceding chapters have been devoted to the 
period of man’s established presence on earth. This includes, 
geologically speaking, the Postglacial or Holocene, and the Ice Age 
or Pleistocene, both together constituting what is often called the 
Quaternary Period. The method of dating based on the cycles of 
solar radiation has suggested an age of about one million years for 
the beginning of the Quaternary (much more if the whole of the Villa- 
franchian is included), whilst the stratigraphically well-established 
record starts about 600,000 years ago. 

The Quaternary, however, is nothing but the terminal phase in 
the earth’s history, and geologists have usually agreed that the 
duration of the known geological history of the earth must have been 
many times longer than the duration of the Quaternary. In order 
to set a wider chronological frame to man’s existence on earth, we 
shall now proceed to consider the age estimates and determinations 
for the pre-Quatemary history of the earth and of life. 

Stratigraphical succession. For this purpose it is essential to be 
acquainted with the main divisions of the earth’s history. These 
are primarily based on the strata accumulated (and subsequently 
often dislocated, folded and broken up) in the course of time, either 
in ancient seas, or lakes, rivers, deserts or glaciated areas. The 
branch of geology dealing with these is called stratigraphy. The 
basic idea of stratigraphical work is the law of superposition, meaning 
that, unless displacements occurred after deposition, a layer {b) eover- 
ing a layer (a) must be younger than (a). Thus, it has been found 
possible to establish a succession of strata from the earliest known 
to the latest (figs, 82, 83), 

A. PALAEONTOLOGICAL AND GEOLOGICAL * TIME-KEEPERS ’ 

It was further discovered that the fossilized remains of ancient 
animals and plants contained in the strata indicate changes of fauna 
and flora in the course of time. Many forms of life existed for 
comparatively short periods only and therefore afford valuable 
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guidance for the correlation of strata in distant places. On the 
■ndiole, fauna and flora became increasingly similar to modem ones 
as time passed. Some problems connected with this phenomenon 
will be discussed in the final chapter ; here it is sufTicicnt to note that 
the main di'visions of stratigraphy arc defined by the dominant 
forms of life contained. Thus, the eras are termed as follows: 
Azoic (lifeless) era, Archaeozoic (primaeval life) era, Proterozoic 
(very early life) era. Palaeozoic (ancient life) era, Mesozoic (middle 
life) era, and Cainozoic (modem life) era. Those who are not familiar 
with the stratigraphical succession may gather further details from 
the accompanying tables (figs. 82, 83). 

‘ Clocks ’ or * Timc-kccpcrs \ For the purpose of dating the 
geological past previous to the Ice Age, the ‘ clocks ’ or time-keepers 
used in the Quaternary are of little or no help. Of the cycles 
used in the Quaternary, tree-rings arc obviously of no use. Varves 
have been counted in earlier periods, ns described in chapter II 
(p. 86), but although they may give the duration of certain limited 
phases of the earth’s historj', they do not supply dates linked with 
the present day. Similarly the astronomical cycles which have 
been so successfully applied to the dating of the Pleistocene, no 
longer hold good for earlier times since, again, the continuity with 
modern times is lacking. They have, however, been used occasion- 
ally for estimates of duration, as in the case of the Cretaceous 
(Gilbert, 1895). Clearl}', other clocks are required, preferably such 
as register very long time-units. 

Some authors have considered organic evolution ns a clock of 
this kind, others regarded the rate of accumulation of sediments ns 
a trustworthy time-keeper, some relied on the gradual increase in the 
salinity of the oceans, others on the supposed gradual cooling of the 
earth. It was not until the radioactivity of minerals and rocks was 
discovered that a new and reliable way was opened for dating the 
stratigraphical succession and for estimating the minimum age of 
the earth. It is worth while to consider briefly the early attempts 
at dating, before describing the modern methods based on radio- 
activity. Those who are especially interested in the subject are 
recommended to read A. Holmes’s excellent and easily accessible 
book on the Age of the Earth (1937). Other important publications 
treating of the geological aspects of the problem arc by Walcott 
(1893), Barrel! (1917), Lotze (1022), Holmes (1931), ICnopf (1931), 
and Schuchert (1931), 

The '■ palaconiological clock From the beginning of the Pleisto- 
cene to the present day, organic evolution was on a small scale 
only. Jlan himself did not change a great deal, considering his 
differences from the apes, and most of the modern mammals were 
present at the beginning of the Ice Age and have since undergone 
no more than minor changes. In such lineages of evolution ns can 
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be studied, the result of 600,000 to 1,000,000 years of evolution is 
usually at most the forming of a new species (see p. 382). 

The fact that during the Tertiary and earlier periods much 
greater changes in fauna and flora took place has suggested to 
geologists and palaeontologists that the duration of the earlier 
periods must have been infinitely longer than that of the Pleistocene. 
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no. 82. — ^Table of etas. Those preceding the Palaeozoic are often collectively 
called ‘ pre-Cambrian ’. The Algoman and Huronian subdivisions are possibly 
contemporar3\ 


Several workers have attempted to arrive at figures on this basis, 
assuming that the rate of evolution was, on the whole, constant 
throughout time. 

LyeV, s estimate. Lyell (1867), one of the founders of modern 
geology, studied the changes in the shell-fauna during the Tertiary 
and compared them with the change that has taken place since the 
beginning of the Ice Age. He found that the Pleistocene covers not 
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more tlian one Uventieth of the evolution wliich has taken place 
since the lower ISIioccnc. The lime from the lower Miocene up to 
modern times he regarded ns one complete ‘ cycle of evolution 
in the course of which all species existing at the beginning were 
replaced by new ones. He accepted Croll’s figiirc of one million 
years for the Pleistocene. Accordingly, the lower Miocene is 20 
million years old. Four cycles arc said to have elapsed since the 
beginning of the Tertiary, corresponding to 80 million years. 
Adopting a similar waj’ of finding the age of the Palaeozoic, Lycll 
considered 12 cycles ns sufficient to cover the time from the beginning 
of the Palaeozoic up to the present day. This corresponds to 210 
million years. Jlndcm palaeontologists would assign more than 
12 cycles to this space of time. 

Allowing for the vagueness of Lycll’s procedure, these estimates 
are surprisingly good, as is shown by the results of the methods 
based on radioaetivity (lower Miocene about 30, early Tertiary about 
70, early Cambrian about 450 million years). 

Matthew's estimate based on the evolution of the horse, Matthew 
(1914) used the well-known lineage of the evolution of the horses ns 
a measure for the duration of the Tertiary'. Taking ns a unit the 
changes in the anatomy of the horse from the first glaciation up to 
the present day, he found that about 85 times that measure must 
have elapsed since the early Tertiary (lower Eocene), or about 
100 times that amount since the very beginning of the Tertiary. 
In order to transform this factor into years, Matthew relied on three 
quite unsatisfactory estimates by’ Wright, Walcott and Penck 
respectively. Had he known the figure of 000,000 j’ears for the 
‘ first glacial advance ’, he would have obtained the very good 
estimate of 60 million years. 

Disejissiori of the palaeontological method. The instances of Lycll 
and Matthew may suffice to illustrate the ‘ palaeontological clock ’. 
Their figures show that the working of this clock has not been so 
unsatisfactory as is generally believed. Strictly speaking, however, 
it is a relative time-keeper only, since the duration of the phases 
is given in multiples of a selected unit, usually the duration of either 
the Tertiary or the Pleistocene. The absolute figures arrived at 
are all based on the estimates or calculations of the duration of the 
Pleistocene. 

Compared with the earlier formations, the Pleistocene was 
exceedingly short, and the practice of multiplying such small unit 
a hundred times or more is somewhat hazardous. Any initial 
inaccuracy is multiplied accordingly. 

Moreover, the question may be raised ns to how far the method 
of expressing in figures the steps of phylogenetic evolution is per- 
missible and whether phy’logcnetic evolution has proceeded at an 
approximately equal rate all the time. Matthew’s example may 
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serve to explain this problem. In estimating the evolutionary steps 
of the lineage of the horses ^ from the Eocene up to the Pleistocene, 
he expressed in figures the amount of anatomical change distinguish- 
ing each stage from that -which preceded it. He accepted as a unit 
the diiference bet-ween Eqms scoili (beginning of Pleistocene) and 
E. caballm (Recent). The morphological difference between Hip- 
parion (Pliocene) and E. scolti is regarded as ten times as great as 
that between E. scoiii and E. cabalhts. In this manner, he arrived 
at the following figures : 


Recent : Equus cabalhts 

Early Pleistocene : Equus scoiii 
Pliocene : Hipparion 

Upper Miocene : Merychippus 

Lower Miocene : Parahippus 

Upper Oligocene : Miohippits 
Lower Oligocene ; Mesohippus 
Upper Eocene ; Epihippus 

Middle Eocene Orohippus 

Lower Eocene : Eohippus 


Later authors 
1 

10 7 

10 11 

15 18 

5 5 

5 5 

15 16 

10 9 

10 9 


These figures express the amounts of morphological alteration 
which occurred in unknotvn spaces of time. If one assumes that the 
rate of change in the morphology of organisms is practically constant, 
then these figures may serve as time coefficients and, knowing the 
duration in years of one of the steps, the duration of any other 
phase or of the entire period involved can be calculated. Matthew 
himself was quite positive, at least concerning his case : ‘ I have 
been impressed with the fact that they seem to have a fairly constant 
maximum rate of evolution. The rate of alteration in struetures 
that are being changed adaptively to some changing environment 
or habit is fairly uniform, eomparing one phylum with another.’ 
But is one really entitled to generalize and say that the assumption 
made is correct ? 

There is abundant evidence that the rate of evolution is not 
constant. There were phases when certain groups of animals or 
plants changed very rapidly (so-called explosive evolution), and others 
during which the morphological characters remained almost constant 
for a very long time. This is bound to impair seriously the use of 
organisms in the determination of geological time. Only if (as 
was done by Lyell) a large number of widely different groups are 
considered simultaneously, such as entire faunas of formations, the 
differences in the various lineages might merge into an average rate. 
This is probably why estimates of geological time based on the 
evolution of organisms frequently do yield figures agreeing -with 
those obtained by other methods. 

* It cannot be discussed here whether the species of horses quoted by Matthew 
represent a genuine ancestral lineage or not. See Ch. XII, Simpson (1944). 
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As a matter of principle, however, the time-scale should be 
obtained by some non-biological method and then be applied to the 
evolution of organisms, in order to find out what the actual rate of 
evolution is and how it varies. 

The ‘ stratigraphical clock \ A great many more age estimates 
have been based on purely geological observations. Some of them 
rely on the occurrence of rhythmic alternations in sediments, whilst 
others are based on the cumulative effect of certain geological 
processes. The first group comprises nil methods using deposit of 
the vars'c tj^ie ; they help to determine the duration of horizons, 
formations or periods, but except in the case of the Postglacial varves 
of Sweden, they do not link up with the present time, nor arc they 
applicable to pre-Pal neozoic periods. 

The second group of methods has not the drawbacks mentioned 
of the first, but, relying on cumulative effects which linve to be 
measured under present-day conditions and then applied to the 
past, they suffer from the same difilcultics as do the palaeontological 
methods just described. The most outstanding examples arc those 
of the increase of the salt contents of the ocean, and of the total 
thickness of sediments deposited since the beginning of geological 
history. (For sedimentation rates, sec p. 355.) 

Methods and results based on rhythmic deposits. Not infrequently, 
geological deposits exliibit an exceedingly regular, rhythmic alterna- 
tion of two kinds of rock, such as sand and clay, or limestone and 
chert. Provided the thickness of the packets (called couplets) is 
sufficiently constant throughout the sequence, one is inclined to 
suspect that the alternation was caused by some regularly working, 
rhythmic force which favoured for some time the deposition of one 
kind of sediment, and then for some time of the other. If one can 
find the time-unit implied, the duration of the period of deposition 
may be obtained by coimting the couplets, 

Varved clay and other annual deposits. The most widely known 
example is the glacial varved clay with its periodicity of one year. 
This has been discussed in detail in the second chapter (p. 20), 
and it will be remembered that glacial varves enabled de Geer and 
others to establish a time-scale for the last ten or tiventy thousand 
years before the present time. 

Several other deposits of the rhythmic kind have been mentioned 
in the same chapter and a few may be recalled here. 

Korn's investigation of annual varves of Palaeozoic age. A very 
striking example is provided by the Devonian and Carboniferous 
' varves ’ of Thuringia, studied by Korn (1938). They were inter- 
preted to be annual, and supposed to be due to seasonal fluctuations 
of rainfall. Korn counted the layers and studied in detail the major 
cycles corresponding to the sun-spot cycle (11-4 years) and others. 
He found — on the assumptions made — that the lower Carboniferous 
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from the top of the Devonian to the middle Visdan horizon lasted 
about 800,000 years, this being J to j of the entire lower Carboniferous 
of Thuringia.^ 

3Iarr’s estimate of the Ordovician and Silurian. A similar count 
was carried out by Marr (1928) in the Bannisdale Slates of the Lake 
District in England. These are shales of Lower Ludlow (Silmrian) 
age consisting of alternating layers of fine mudstone and sand, 
several per centimetre. Marr counted about 700,000 in the series, 
and assumed that the couplets were annual. By extrapolation he 
estimated the dirration of the entire Silurian at 5| million years and 
that of the Ordovician at 4 million years. Both estimates are 
undoubtedly far too low. 

Bradley's study of the Eocene of Colorado. Another noteworthy 
succession of annual varves is that of the Eocene Green River Lake 
of Colorado, studied by Bradley (1929). Here, the varves are more 
reasonably taken to be annual and the oscillations within the varves 
seasonal. From the niunber and average thickness of the varves 
Bradley argued that the Green River epoch lasted about 6,500,000 
years or, with due allowance for error, between 5 and 8 million years. 

He then proceeded to estimate the duration of the entire Eocene, 
assuming a mean rate of deposition of one foot in 3,000 years and 
assuming that there are no important breaks in the succession in 
the region concerned. He arrived at a mean of 28 million years. 
This figure compares very well ■with the estimate based on radioactive 
minerals (Barrell’s estimate, 23 3 million years), 

Gilbert's estimate of part of the Cretaceous. A cycle much longer 
than the annual one is supposed to have found expression in the 
Benton, Niobrara and Pierre beds of the Cretaceous of Colorado. 
They are composed of shales containing a varying amount of lime. 
There is, in particular, a regular recurrence of beds averaging about 
18 inches in thickness, with a more calcareous and a more argillaceous 
portion. Gilbert (1895) used this succession to estimate the time 
required for its formation. He claimed that a rhythmic phenomenon 
of an astronomical character must have been responsible, and selected 
that of the precession of the equinoxes (21,000 years, see p. 136) 
as the most probable. In this way he found that the mentioned 
groups of the Cretaceous required about 20 million years to be 
deposited, 

3Iethods and results based on the rates of denudation and sedi- 
mentation. The four examples of the labours of de Geer, Korn, 
Bradley and Gilbert are representative of methods depending on a 
definite time-unit, such as the year or the precession cycle, ha'ving 
found its expression in the deposit. In the examples which follow 

1 This c^raotdinarily low figure shows that considerable gaps must exist in 
the succession ; othenvise it cannot be reconciled with the estimates based on 
radioactivity. 
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this time-unit is replaced by an annual average rate at which some 
process is going on. This average rate is, of course, deduced from 
present-day observations, and it is tacitly assumed to be applicable 
to the remote past. This may, or may not, be justified. 

Various calcuialious. As early as 1S7G, Dana calculated the total 
thickness of the sediments laid down during tlie Cainozoic, lllesozoic 
and Palaeozoic respectively and, assuming that the average rate of 
deposition was approximately constant tlwough the ages, he obtained 
the ratio of 1 : 8 ; 12 for Tertiary : Mesozoic : Palaeozoic. In 
transforming this ratio into years, however, Dana had to use 
Lord Kehin’s antiquated physical estimate and arrived at onlv 
3C million years for the Palaeozoic. 

In 1879, Reede arrived at COO million years for the time from tlie 
Cambrian to the Present, but he reduced it subsequently consider- 
ably. Walcott (1893) studied the sediments of the Cordilleran Sea 
which occupied western North America during the Palaeozoic. Usin" 
an average rate of deposition of one foot in 200 years (which is much 
too high), and the ratio of 12 : 5 ; 2 for Palaeozoic : Mesozoic : Tertinrv, 
he obtained 27-5 million years since the beginning of the Cambrian. 
Had he based his estimate on 60 million years for the Tertiary, lie 
would have obtained 570 million years, a figure in good agreement 
with estimates using radioactivity. This shows that his ratio for 
the relative duration of the eras was remarkably accurate. Good- 
child (1897) assumed a slow rate of deposition and arrived at the 
result that 704 million years had elapsed since the beginning of the 
Cambrian. In more recent years Sollas (1909) undertook to uphold 
the chronological method based on sedimentation. He again used 
a fast sedimentation rate and came to 80 million years for the several 
eras, including the Proterozoic.* 

Barren’s criticism of the methods based on sedimentation. Un- 
fortunately, Sollas was influenced by the results of Joly’s sodium 
method (see p. 316), and it is evident that he tried to adapt his figures 
to those obtained from the salt contents of the ocean. Barrell (1917) 
reviewed critically Sollas’s and other attempts at dating the past with 
the aid of sediments and showed how futile they are in view of the 
many unknown factors which might have modified the result. 

To begin with, there is the assumption that denudation and 
erosion proceeded in the past at the same rate as they do to-day. 
The present relief of the earth appears to be more varied and rougher 
than it was during the major part of the geological past, and the 
rate of denudation should, in the average, have been smaller than 
at present. This tends to increase the results obtained. 

Furthermore, most geological deposits were laid do^vn in limited, 
often trough-like areas in w'hich the ground had a tendency to sub- 

» For furtlier work on these lines, sec The Age of (he Earth, 1031. For n%’cragc 
rates of denudation and sedimentation, see this book, pp. 852 and 855. 
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side more or less rapidly (‘ geosynclines fig. 84). Whilst denudation 
of the surfaces above sea-level is practically general, deposition is 
restricted to certain zones, and the relation of the area of denuda- 
tion to the area of the geosyncline in which it is laid down deter- 
mines the rate of accumulation. This must vary from case to 
case, and it is dangerous therefore to generalize from one individual 
case, such as the Gulf of Mexico which was used by Sollas, or the 
Cordilleran Sea of Walcott. 

Moreover, a fraction only of the material produced by denudation 
is deposited in the geosyncline on which the estimates rely. Much 
remains suspended or dissolved and is carried away and thus lost to 
observation. 

These and other criticisms are discussed in detail in Barrell’s 
paper, which also reviews all the important attempts made at 
calculating or estimating geological time. Perusal of this paper 
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no. 84. — Schematic cross-section of a ‘geosyncline a zone of intense marine 
deposition witli a sinking tendency of the sea-bottom (indicated by downward 
arrow). On the right, rising land is shown wliich supplies the material which 
gradually fills the geosyncline. Many gcosynclines have land on both sides. 
Most of the present high mountains (Alps, Himalayas, Andes) are made up of 
sediments formed in geosynclines and later raised to great altitudes. 

is highly recommended to all who are interested in the problem of 
dating the past by purely geological means. 

Notwithstanding all the drawbacks and difficulties of these 
methods, the results for the duration of geological time since the 
beginning of the Palaeozoic are not entirely inconsistent, mostly 
varying around several hundred million years, an amormt which has 
since been confirmed by the radioactivity methods. 

More recently, Schuchert (1931) has again studied the methods 
based on sedimentation, in order to find out whether they can be 
brought into line with the figures obtained from radioactive minerals 
and rocks. He admits that he himself was surprised at finding that 
there are ‘easily enough marine strata since the beginning of 
Palaeozoic time to call for 500 million years ’. For the whole of the 
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Proterozoic he is inclined to allow 720 million years. Fin.ally a new 
and remarkable allcmpt was made by Holmes to combine the 
evidence for the relative duration of periods provided by the sedi- 
mentation method with some values based on radioactivity. It is 
discussed on p. 83-1. 

The salt of the ocean ttsed for dating. A subtle though un- 
satisfactory method was conceived bj’ the Royal Astronomer Halley 
(1C5G-1742), first applied by Joly (1900) and later elaborated by 
Sollas (1905, 1909). It is founded on the idea that all the salts 
contained in the water of the ocean arc derived from the land, the 
water at the time of the condensation on the cooling surface of the 
earth having been, so to speak, distilled. Since then, weathering 
has released from the rocks a large amount of soluble matter and 
rivers have carried it into the ocean. The carlj' estimates based on 
the salt of the oceans were all low and Sollas (1909) cventuallv 
accepted SO million j-cars as probable. 

I^opf (1931) and Holmes (1937) reconsidered Joly’s method 
and came to the conclusion that it cannot provide more than a 
minimum age. Of the many objections to it, it may sulTicc to 
mention the principal one that, in order to supply the amounts of 
sodium alleged to be carried annually to the oceans, the rocks would 
have to lose more sodium than they had ever contained. Holmes 
concludes, therefore, that the amount of sodium added annually 
to the oceans is still imperfectly known. 

More recently, Spencer and Murata (1988) have once more 
studied the sodium method and, taking into account all the com- 
plications, arrived at the figure of 500 to 700 million years. This 
is still low compared with the results of the radioactivity method, 
though certainly in keeping with them. A more acceptable value 
was obtained by Conway (1943), viz. 700-800 million (min.) to 2850 
million years (max.). 

Alleged cooling of the earth. The attempts at dating described 
so far have all aimed at establishing the age of eras and periods. 
Proterozoic, Palaeozoic, Mesozoic and Cainozoic together cover the 
history of life on earth and, since life depends on water of a tempera- 
ture definitely below boiling point, the age of the ocean as such must 
be greater than that of the Proterozoic. The estimates for the age 
of the ocean come in at this point. 

In addition, another calculation, apparently incontestable, 
suggested a probable age of less than 100 million years for the ocean 
since its condensation. This was the calculation of the age of the 
earth on the assumption that it had cooled down. Though the 
earth must have cooled down in the early phases of its history, 
there is no evidence of any further general cooling since life became 
abundant. Still, the theory of gradual cooling was once universally 
accepted and it was Lord Kelvin (1883) who undertook to calculate. 
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from the then available physical data, the time that has elapsed 
since the earth was in a molten state. He found 400 million years 
as the possible maximum and 20 million as the minimum, but 
regarded the minimum as the most likely {1899).i These figures were 
considered as too small by most geologists. 


B. RADIOACTIVITY JIETHODS PROVIDING A GEOLOGICAL TIME-SCALE 

Discovery of X-rays. At last, the physical estimate was upset by 
a series of discoveries which were connected with the now well-known 
element called radium and which revealed a source of heat com- 
pensating the cooling down. In 1895, Rontgen found that high- 
tension electricity in a vacuum-tube produces under certain conditions 
a kind of rays which, though allied to the light-rays, are capable of 
penetrating opaque matter to a varying degree. They influence, 
for instance, photographic plates through lightproof wrappings. 
These rays which have since become important in therapy, industry 
and mineral analysis, are called X-rays, or Rontgen-rays. 

One may wonder how this discovery can have any bearing on 
the problem of geological time. The story is, indeed, one of a series 
of discoveries closely linked up with one another, and it provides a 
good example of the manifold interrelations of the various branches 
of science. 

Radioactivity, discovery of radium. The X-rays appeared in a 
new light when, only a year later (1896), Becquerel observed that 
compounds of a heavy metal called uranium had the same chemical 
effect on a covered photographic plate as have the X-rays. Minerals 
containing uranium were studied in detail and, in 1898, Mme. Ciurie 
succeeded in isolating from pitchblende, a uranium mineral, a new 
element which possesses the quality of sending out rays in an 
immensely concentrated form. This element was named radium, 
and the phenomenon of the spontaneous emission of rays is called 
radioactivity. 

Types of rays. It was Lord Rutherford who, in 1902, found that 
the radiation of radium and other radioactive elements consists 
of three kinds, called a-, )?-, and y-rays. If a small quantity of 

iLord Kelvin’s final estimate (1809) was as small as 20-40 million years. In 
1883 (pp. 478 and 474), however, he still purposely allowed very wide limits : ‘ If 
we suppose the temperature of melting rock to be about 10,000° Falir. (an 
extremely high estimate), the consolidation may have taken place 200,000,000 
yeare ago. Or, if we suppose the temperature of melting rock to be 7,000° Fahr. 
(which is more nearly what it is generally assumed to be), we may suppose the 
consolidation to have taken place 98,000,000 years ago. We must, therefore, 
allow verj’ wide limits in such an estimate as I have attempted to make ; but I 
think we may with much probability say that the consolidation cannot have 
taken place less than 20,000,000 years ago, or we should have more underground 
heat tlian we actually have, nor more thiin 400,000,000 years ago, or we should 
not have so much ns the least observed underground increment of temperature. 
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radium is embedded in a case of lead (%Yhich is one of tlic few sub- 
stances not penetrated by the raj-s), with an opening permitting the 
raj's to escape in one direetion onlj*, and is subjected to tlie influence 
of a strong magnet, the a- and j?-raj's arc deflected as shown in fig. 85 
wlulst the y-raj's continue in a straight direction. The y-ravs were 
soon proved to be identical with the X- or Rontgcn-rnj's, but the 
a- and ^-raj's are of a very dillcrcnt kind. 

a.-raijs and proditdion of helium. The a-rays have the smallest 
power of penetration, in air not more than a few centimetres. Thev 

HCUUM ATOMS VltH X- 
P05ITIVE CHARGE RAYS 

dv Y 


R ELECTRONS WITH 
P NEGATIVE CHARGE 


no. 85. — Undiation of radium under the innuence of a mngnet wliosc nortli 
pole is supposed to be in front of, nnd the south pole behind, the paper. Tlic 
radium is encased in a block of lead which absorbs lateral mdialion. Tlic magnet 
diverts a-rays to the left, and the p-iays to the right. The y-rays arc not allecled. 
— Slodified, after Lotze (1022). 

consist of small particles ejected at a verj' high speed and charged 
with positive electricitj\ They are stopped by collisions with atoms 
of the surrounding matter from which they eventually pick up two 
negatively' charged electrons each, which neutralize their positive 
electric charge. The result is that an ordinary atom of a gas called 
helium is produced. Thus, the startling discovery was made that 
atoms of one chemical element are formed by the decomposition of 
those of another. 

As reeorded by Holmes (1937), Lane lias suggested a simple way 
of observing tlie radioactive formation of helium : ‘ Take your 
wrist-watch or a compass that shines in the dark. After your eyes 
are made sensitive by sitting in a dim light for ten minutes, and 
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then in darkness for a minute more, look at it with a good pocket 
lens. You will find it quivering with light. After a while, if your 
lens magnifies ten diameters or so, you will see that it is made up 
of countless sparks, like those from a bursting rocket. Each one of 
these represents the explosion of an atom, and the helium particle 
sent off, striking the sensitive zinc sulphide, makes it glow.’ 

Nature of the ^-rays. Before following up this most important 
line, the j8-rays have to be explained. They consist of electrons, 
minute negatively charged particles which, inside an atom, circulate 
around a comparatively heavy, positively charged core or nucleus, 
as planets do around the sun. The electrons constituting the j5-rays 
travel much faster than a-particles, and their range is much greater. 

Products of radioactive decomposition. It is evident that an atom 
of radium or some other radioactive element, emitting an atom of 
helium, cannot itself remain the same but must be transformed 
into something else. In fact, as radium decays, a gas called radium- 
emanation is formed which, in turn, emits another atom of helium 
and thereupon changes into a solid substance, called radium A. 
This process of emitting particles continues, however, and a suc- 
cession of radioactive substances is formed until, finally, an inactive 
end-product is reached. This is lead. The succession of substances 
formed in the course of this process is depicted in fig. 86. 

Moreover, the usual association of radium with turanium found an 
interesting explanation. Radium itself is produced from uranium 
as the parent-element via a munber of intermediate stages. Thus, 
a long series of steps leads from uranium through radium to lead. 
The complete succession may be gathered from the diagram, fig. 87. 

In this figure, the atomic weights are included, and it will be 
noticed that the atomic weight is reduced by 4 every time an a-, or 
helium-, particle is expelled. The atomic weight of helmm is 4, 
and that of manium 238. During the complete process of radio- 
active disintegration, 8 atoms of helium are emitted, after which the 
stable lead remains. This uranium-lead, therefore, has the atomic 
weight of 238 — 8 X 4 = 206. 

The ‘families ’ of radioactive elements. The disintegration series 
starting from manium and leading, via radium, to uranium-lead 
with an atomic weight of 206, is called the manium-family. 

There are two other important families of radioactive elements, 
the actinium-family, and the thorium-family. 

The actinium-family begins with actino-uranium, a variety of 
the ordinary uranium.^ In the course of its disintegration, actinium 
is produced, which in turn decays until finally, after the emission 


^ Such varietiM of elements which are distinguished by their atomic weights, 
but not by chemical qualities, are called isotopes. Another set of isotopes are 
the different kinds of lead, among them uranium-lead or radium G, actinium-lead, 
and tliorium-Icad. See also p. 82S. 
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no. 80. — ^The disintegration of radium illustrated by means of a set of vessels 
(each representing a radioactive element), from which water is supposed to be 
running out (representing the atoms in the state of disintegration) and drops 
(representing helium) splashing off. — ^Modihed, after Ix)tze (1022). 


of 7 atoms of helium, the inactive end-product is reached, which in 
this case is actinium-lead with the atomic weight of 207. 

The thorium-family begins with the element thorium (atomic 
weight 232). In the course of its disintegration, 6 atoms of helium 
are given off, and thorium-lead remains, with the atomic weight 
of 208. 

The ordinary commercial lead has been found to be a mixture 
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stages. Each time a helium atom is given off, the atomic weight drops by four. 
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of the three varieties of lead mentioned (plus small quantities of 
Pb*®*), and its average atomic weight is 207-21 . 

Ilalf-lifc, or half-rohtc, period. The time-rate at which the 
disintegration of a radioactive mineral proceeds is constant and 
determinable. This fact has opened new and most unexpected 
ways for the measurement of geological time. The time-rate varies 
enormously with the kind of element concerned, between a fraction 
of a second and several thousand million years. 

One might expect that the time for the deterioration of an atom 
would depend upon its individual age. Taking a given quantity of 
radium, for instance, its atoms arc known to have been formed out 
of ionium atoms by the loss of one atom of helium each (see fig. 87). 
Some atoms of radium are bound to be older than others, the process 
of transformation having continued for a long time. It is natural, 
therefore, to expect that those atoms of radium which were formed 
first would be, in turn, the first to decay again and to be transformed 
into radium-emanation. This is not the ease, however, and it has 
been found that the disintegration of the atoms depends entirely on 
chance and not on their individual ages. 

Accordingly, disintegration proceeds in such a way that, of the 
total number of atoms contained in a quantity of radioactive mailer, 
a certain percentage is destroyed in every minute. After some 
time, only 50 per cent, of the original number of atoms will iiavc 
survived, the others having been transformed into the next stage of 
the series of disintegration. 

Thus, of 1 gram of radium, only J gram will be left over after 
1590 years, the other J gram by then having changed into radium- 
emanation. After another 1590 years, J gram of radium will liavc 
survived, after a further 1590 years ^ gram, and so forth. TIic 
period of time required to reduce to one-half a given quantity of a 
radioactive element is, therefore, called its half-life period, or half- 
value period. 

The half-life periods of the members of the uranium-radium 
family are included in fig. 87. 

Accumuhiion of helium and lead. It is evident that, under such 
conditions, helium and lead will be produced by any radioactive 
parent-element from the moment it came into existence. At first, 
the quantities were minute, but in the course of long periods of time, 
considerable quantities have been accumulated. Clearly, since 
helium and lead are produced (in uranium minerals) at the expense of 
uranium, the ratio of helium : uranium on the one hand,^ and of 
uranium-lead : uranium on the other, must bear a fixed relation to 
the age of the mineral investigated. The half-life periods of all 
members of a series being known, it is possible to calculate the time 

I It should be noted that helium is liable to escape from the specimen, 
see p. 320. 
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that has elapsed since the accumulation of lead began in the material 
under investigation. One million grams of uranium produce 

^ - gram of uranium-lead per year. 

7,600 ^ 

Measuring time by the helium and lead ratios. For a good many 
reasons, which are too technical to be explained here, it is certain 
that accumulation of lead began with the moment of crystallization 
of the mineral. It is easy to understand, therefore, that not every 
radioactive material is suitable for age determination. In particular, 
sedimentary rocks laid down by water, ice or wind are, as a rule, 
unsuitable. The grains composing them are derived from earlier 
rocks (except in chemical sediments), have been affected by w'eather- 
ing and mechanical wear and, if there are any radioactive particles 
in them, these must of necessity be older than the deposit itself. 

Suitable materials are therefore chiefly confined to the igneous 
group of rocks, i.e. those of magmatic origin. They are mostly 
crystalline, being composed of large or small crystals of a variety of 
minerals, all closely interlocked and formed when the liquid magma 
had cooled down sufficiently to solidify. Particles of radioactive 
minerals enclosed in such rocks started their work of time-keeping 
at the moment of crystallization. 

Igneous rocks, volcanic group. It is now necessary to recall the 
fact that there are three main kinds of igneous rocks. Group (c), 
being the most spectacular, is the best known to the non-geologist. 
These are the extrusive, or volcanic, rocks, or lavas, which were 
(and still are) produced from volcanoes and open fissures. They 
spread over the ground in the neighbourhood of the eruption pipes 
or fissmes and cover sedimentary and other deposits previously laid 
down. They might, in turn, be covered by sediments at a later time. 

Since the stratigraphical subdivisions of the earth’s history are 
almost entirely based on the succession of sediments and their 
contained fossils, a flow of lava intercalated between two horizons 
of knorni relative age might afford a means of dating in years the 
stratigraphical phase to which the beds belong, if suitable radioactive 
material is present in the rock. 

One of the best-knoAvn volcanic rocks of this kind is basalt. 

Plutonic rocks. Group (6) are the plutonic, intrusive, rocks. 
These have crystallized from bodies of magma injected into the 
upper zones of the crust. They did not reach the surface and, 
therefore, cooled much more slowly than did the spreads of lava on 
the surface. This caused structural differences, especially a greater 
size of the mineral grains, but on the whole the same type of magmatic 
material is known both as intrusive and as volcanic rock. Intrusive 
bodies of magma profoundly influenced the invaded rocks by heat, 
pressure and addition of substance (this process is called contact 
metamorphism). Regarding age determination, it is important to 
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note that rocks influenced in this manner must be older than the 
intrusion (fig. S8). 

On the other hand, bodies of intrusive rocks arc often laid bare 
in the course of time by ■wc.athering and denudation, and younger, 
sedimentary beds might have been laid down on the exposed surface. 



FIG. 88. — A purely lij-poUietical .section to illustrate the chief modes of 
occurrence of igneous rocks, showing a body of magma of the shape called 
batliolith, with dykes and sills emanating from it, and with a volcano on the 
surface. Contact metamorphism is indicated by dots. Sills have metamor- 
phosed seams above and underneath, whilst superficial lava-flows metamorphosed 
the substratum only. ^Ylle^e lava flows arc covered by later deposits, the latter 
will show no effects of metamorphism. This provides a means of distinguishing 
flows and sills in geological sections. The intruded sediments are numbered 
from the earh'est upwards. The middle portion is shown uplifted between two 
faults. 


Such deposits will of course show no traces of contact metamorphism, 
and this affords a means of establishing their age relative to the 
intrusive body. 

If radioactive minerals are present in the intrusive rock, its age 
might be determined and valuable light thrown on the ages of the 
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surrounding and covering beds of sediments. In practice, suitable 
radioactive material is far more common in the plutonic intrusive 
rocks than in rocks of groups (a) and (c). 

The most widely known kind of intrusive rock is granite. 
Granites of the Canadian Shield have supplied some of the early 
dates for the pre-Cambrian eras, ranging from 750 to 1750 million 


years. 

Sills, dykes, and mineral veins. Group (c) comprises the minor 
injections in the form of dykes and sills (fig, 88). Magma which has 
penetrated into the bedding-planes of the smrrounding rock, will 
form comparatively thin sheets of intrusive material there, and 
such structures are called ‘ sills If, however, the magma penetrated 
into a craek or fissure of the surrounding rock, cutting across bedding- 
planes, it is called a ‘ dyke ’ (pi. XX, fig. B). 

The geological relationship of dykes and sills to the older and 
younger rocks associated with them reveals their stratigraphical age. 
Consequently, if radioactive minerals contained in a dyke supply a 
date for it, valuable information is gained regarding the age of the 
strata formed before and after the intrusion. 

Mineral veins are often associated with granites and other 
plutonic bodies, but quite often they appear to be independent, and 
their origin is unknown. They are important from the present point 
of view, since certain radioactive minerals are found in them. 
Pitchblende (oxide of uranium) may be quoted as an example. 
From specimens of pitchblende, found at Joachimsthal in Bohemia, 
Mme. Curie succeeded in isolating radium in 1898. 

The preceding excursion into geology is intended to show how 
radioactmty can help in the dating of sedimentary rocks which, 
themselves, do not contain radioactive minerals. But it is now 
apparent that, for the purpose of geological dating it is essential 
to know the exact position within the stratigraphical succession of 
the radioactive mineral to be analysed. This condition considerably 
restricts the amount of material available for the absolute dating of 
geological formations. 

Lead-ratio used for dating. Let us now assume that we have 
obtained a radioactive material whose stratigraphical age is known, 
such as, for instance, a specimen of pitchblende from the lower 
Permian of Joachimsthal, Bohemia, There are two ways open for 
determining its age (at least in theory), one with the aid of the 
accumulated lead, the other with the aid of the accumulated 
helium. 

Considering first the lead method, we know that one million 


grams of uranium produce about — gram of lead per year. If 

the amount of lead present in the specimen is Pb^, and that of 
uranium, U, then the time that was required for producing the 
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amount of uranium-lead present, in other words the age of the 
mineral, is 

age = X 7,600 million years. 

Pb^/U is a ‘ lead-ratio ’ ; for our sample of pitehblcndc it amounts 
to 0-03, corresponding to an age of 225 million years. 

Correction for ihoritnn and thorium-lead. Fortunately, our sample 
contains practically no thorium which, ns we have seen (p. 319), is 
another important radioactive parent-element. Were we investigat- 
ing a sample of material containing thorium beside uranium, then 
the lead determined would be uranium-lead plus thorium-lead, and 
an allowanee would have to be made for the thorium associated with 
the uranium (sec, for instance, Kcesnl, 1938). 

Now, one gram of thorium-lead (Pb’’^) is produced by one gram 
of thorium in 21,100 million years. A pure thorium mineral, 
therefore, complies with the formula, 

Pb'*^ 

age = X 21,100 million years. 

For a reason which will at once become apparent, let us substitute 

for 21,100 the fraction, . The age, based on thorium and 

0’86 

thorium-lead, will then be 

X million years. 


For a material containing both uranium and thorium, the age 
is, of course, the same, whether based (a) on uranium and uranium- 
lead alone, or (ii) on thorium and thorium-lead alone, or (c) on 
uranium thorium and the total of both kinds of lead. The age, 
therefore, 

Pb® 

= X 7,600 million years 
PhTh 7,600 

= -Th''' ^ milhon years 


pbU ^ pijTh 


X 7,600 million years. 


U -f -SOTh 

Lead-ratio. In practice, the analyst measures the total amount 

pbtotal 

of lead present, and the expression - accounting for the 

presence of both uranium and thorium, is the one which has to be 
determined in every case. It is called the * lead-ratio ’. 

Allowance for wearing-oul of parent-elements. In the preceding 
consideration several simplifications are implied which have to be 
allowed for. 

Firstly, the fact has not been allowed for that the initial quantity 
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of uranium and thorium was greater than that found by analysis 
to-day, since some of it has been destroyed by radioactive disintegra- 
tion. Correction for this leads to a logarithmic formula which is too 
complicated to be explained here. In practice, the corrected values 
may be plotted against the ordinary values of the lead-ratio and 
graphs designed in which the corresponding lead-ratio (and age) can 
be read off directly. 

Correction for actino-urmiium. Secondly, the possible presence 
of the third parent-element, actino-uranium (p. 319), has so far been 
neglected entirely. This is an isotope of the ordinary uranium, 
the parent-element of the uranium-radium family. To distinguish 
ordinary uranium from its isotopes, it is called uranium I, and we 
shall henceforth use this term. In chemical analyses, the total 
of all isotopes of uranium is obtained, i.e. of uranium I as well as of 
actino-uranium. 

Holmes (1937, pp. 150-5) has paid special attention to the 
problem of accounting for the presence of actino-uranium. It is 
known to disintegrate more quickly than uranium I. Fortunately, 
the quantities of actino-uranium and its descendants encountered 
are not large, and its influence on age-determination becomes 
appreciable in old material only. 

Presence of initial lead. We have assumed that all the lead 
contained in a sample is lead produced by the disintegration of 
radioactive elements. This is not always the case, and volcanic 
rocks especially often contain much more lead than can ever have 
been generated from the radioactive substances present in them. 
As an example, Holmes (1936) quotes the famous basalt of the 
Giant’s Causeway of Antrim which poured over the surface of that 
area in early Tertiary times. Even if the material had existed for 
as much as 1,600 million years, he says, the accumulated radiogenic 
lead could not have amounted to more than one-eighth of the quantity 
of lead present and, considering the real age of this rock, this quantity 
is 800 to 400 times as much as can have been generated within the 
lava since it cooled down and became a basaltic rock. 

It is obvious that, in cases like this one, the magma had been 
supplied w'ith a varying amount of initial lead from other sources. 
The analytical practice of determining the lead-total will, in samples 
from such materials, inevitably catch the initial lead as well as the 
radiogenic lead. It is not impossible to get over this difficulty. 
The determination of the atomic weights of the kinds of lead present, 
helps in calculating the amount of initial lead present. 

On the whole, however, materials containing initial lead in 
appreciable quantities are aw’kward to interpret and often unreliable. 
Fortunately, the presence of initial lead is no obstacle to the applica- 
tion of the helium method for which volcanic rocks are often 
particularly suitable, for reasons to be explained later. 
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If, on the other hand, the amount of radioactive minerals con- 
tained in a sample of rock considerably exceeds the amount of lead, 
the chances arc that the quantity of initial lead is comparalivclv 
small, and corrections based on mineralogical analysis and deter- 
mination of atomic "weights can be applied more easily. The rich 
uranium- and thorium-ores, which have supplied a great number of 
important age estimates, are in this category. 

Escape of radon. Each of the three families contains a member 
which is a gas. If some of this gas is lost from the mineral by 
diffusion, the corresponding isotj'pe of lend will be present in an 
amount too small for its actual age (Wickman, 1042). The half-life 
periods of actinium-emanation and thorium-emanation arc only 
3-5 and 54-5 seconds respectively, but that of Radium Emanation 
or radon is 3-825 days. The risk of leakage, therefore, is ncgligihlc 
for the first two, but quite considerable for radon, and the possibility 
has to be reckoned with that there is too little radium G (Pb=°®) 
in the sample. 

There are other dilTiculties involved in the lend method which 
cannot be discussed in this much simplified summary. 

Importance of isotope analysis. It should, however, be clear that 
many of the difiieulties can be overcome if, instead of the total lead 
present, the amounts of the various isotopes are determined. Nicr 
(1938) has developed a method of separating these isotopes by means 
of a mass-spectrograph and to determine their relative proportions. 
Values are thus obtained for Pb-®® (radium G or uranium lead), 
Pb®°^ (actino-uranium lead) and Pb^®® (thorium lead) and, in 
addition, for Pb®®^, a lend which is not generated by a known radio- 
active process and which is an important indicator for the presence 
in the sample of non-radiogenic lead. Since the quantities of the 
parent elements, uranium I, actino-uranium, and thorium, arc 
known, three independent age estimates can be carried out for each 
sample (Keevil, 1939), A fourth is provided by the proportion of 
actinium lead/uranium lead, since actino-uranium disintegrates 
more rapidly than uranium I. The ‘ ages ’ corresponding to the 
various values of actinium lead/uranium lead have been calculated 
by Wickman (1939). 

If w’c suppose that the mineral sample investigated had not 
changed in the course of time, that no losses or additions had 
occurred, then the age estimates obtained by these four methods 
should agree. This is but rarely the case, however, and the calculnlcd 
values are therefore called ‘ apparent ages ’ (Holmes, 1948). They 
arc used in assessing the most probable age. 

Lead Method, summary. Since isotopic analysis is a new field of 
work, the number of age estimates based on this new method is 
still small. The following table (from Holmes, 1947c) is a sample 
list of reliable ‘ probable ages 
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Slinera! ! 

Locality 

Geolog. Age 

1 

Probable Age 
(Millions of yrs.) 

Pitchblende 

Colorado 

Beginning of Tertiary 

58 

Pitchblende 

Bohemia 

Late Carboniferous 

215 

Samarskite 

Connecticut 

End of Devonian 

255 

Cyrtolite 

Ne'sv York 

End of Ordovician 

1 350 

Kolm ! 

Sweden 

Upper Cambrian 

440 

Pitchblende 

Katanca, Belaian Coneo 

Pre-Cambrian 

580 

Uraninite 

Morogoro, Tanganyika 

Pre-Cambrian 

590 

Uraninite 

Besner, Ontario 

Pre-Cambrian 

760 

BrOiisrerite 

Moss, S. Norway 

Pre-Cambrian 

860 

Uraninite 

tVilberforce, Ontario 

Pre-Cambrian 

1,035 

Cleveite ! 

Aust Agder, S. Norway 

Pre-Cambrian 

1,075 

Pitchblende 

Great Bear Lake, Canada 

Pre-Cambrian 

1,830 

Uraninite 

N.E. Ifarelia, U.S.S.R. 

Pre-Cambrian 

1,765 

Uraninite 

Huron Claim, Slanitoba 

Pre-Cambrian 

1,985 


Helium melhod. Apart from lead, helium is generated by radio- 
active disintegration. Helium is a gas. Before its presence on the 
earth was established, it had been discovered in the speetrum of the 
sun, hence its name. 

Were there not certain difficulties connected with the gaseous 
nature of helium, age estimates could be earried out with the helium 
generated by radioactive substances Just as well as -vvith the lead. 
The amount of helium present is determined and compared with the 
amount of uranium (and thorium) contained in the mineral, in other 
words, the helium-ratio is determined. Its formula (compare 
lead-ratio, p. 325) is 

tJ -f 0-27fh ^ miUjon years. 

For convenience, the amount of hehum is usually expressed not 
in grams but in cubic centimetres at normal temperature and 
pressure. 

The principles of both the helium and lead methods being the 
same, we can confine ourselves here to pointing out certain practical 
difficulties of the helium method. 

Loss of helium in the rock. It is obvious that lead, being a solid 
substance, is less likely to escape from a rock than helium-gas. 
The helium generated by a radioactive mineral will accumulate 
close around it in the rock, but in the course of the millions of years 
involved, some of it is bound to escape through cracks or along the 
boundaries of crystals. This loss ■will be comparatively small in a 
dense rock, but it will be large — 

(fl) if the structure of the rock is coarse enough to allow of 
diffusion of the gas ; 

{h) if the amount of generating uranium is large and, therefore, 
the quantity of helium so considerable that it is enclosed in the rock 
under great internal pressure ; 
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(c) if tlic rock has been subjected to metamorphosis by Iicat 
or pressure which would both help to eject gases contained in 
it, and 

(d) if the rock has been nffcctcd by atmospheric weathering, 
which would release the gas by loosening the texture of the 
rock. 

To these has to be added the technical point that in pulverizing 
and othenvise treating the sample for analysis, more helium is 
inevitably lost. 

Regarding (a), it is possible to select rocks which arc fairlj' dense, 
but an allowance has to be made in any ease. A mineral, which is 
considered to have a particularly high helium-rctentivity, is 
magnetite. 

Regarding (b), it is esndent that materials with large amounts of 
radioactive minerals will contain large quantities of helium. These 
will be under considerable gaseous pressure and, therefore, a greater 
quantity of helium is likely to escape. For this reason, it is 
ad\’isable to select rocks with a small percentage of radioactive 
matter. 

Regarding (c), it goes without saying that any material suspected 
of having been altered by metamorphosis should be discarded. 

Regarding (d), this difficulty can be overcome by carefully select- 
ing fresh specimens which, under the microscope, show no signs of 
alteration of minerals by weathering. 

Minunum ages by helium melhod. In short, even if one selects 
samples with the utmost care, one can be almost certain that some of 
the helium is lost, and tlie age estimate obtained will be lower than 
the actual age of the material. On the other hand, Keevil (1941) 
reports that occasionally an excess of helium is found the source of 
which has not yet been discovered. (Note (47), p. 420.) 

Besults of the helium method. Tlie early results of the helium 
method were, therefore, less satisfactory, and the discrepancy from 
those of the lead method was formidable. In more recent years, 
technical improvement of the helium method appeared to lead to 
age-determinations which approached those of the lead method 
closely but, unfortunately, it was found in 1937 that the helium-ratio 
had been based on a faulty radium standard (Evans, Goodman, 
Keevil, Lane and Uixj', 1939 ; Urry and Holmes, 1941, p. 45). 

This discovery has resulted in a critical study of the earlier 
helium determinations and in the development of new and better 
methods both of analysis and calculation. More than 850 determina- 
tions have been studied by Keevil (1941). Although this author 
found that the ratio of measured age to expected age varied bebveen 
one-hundredth and 25, he was able to show that the helium retentivity 
can perhaps be expressed eventually as a function of the various 
factors which cause the loss (a to d, above), in such a form that the 
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method might be rendered more reliable. 
Keevil provides some interesting ^aphs 
showing the dependence on the kind of 
rock (granitic and basic rocks, porphyries 
and lavas), and on the stratigraphical age. 
The chances of the helium method are not 
at the present considered as good by 
Keevil, but other authors who of course 
agree with Keevil as regards the difficulties, 
are less pessimistic. Urry and Holmes 
(1941), for instance, emphasize that the 
sequence of the new helium ages is still 
found to correspond to the stratigraphical 
ages of the samples, although the figures in 
years are lower than those based on the 
lead method. 

Fimthermore, Goodman (1942 ; also 
Hurley and Goodman, 1941) considers that 
certain minerals, such as magnetite, pro- 
vide a much more reliable material than do 
rocks composed of several minerals. He 
states that a series of magnetites ranging 
stratigraphically from pre-Cambrian to 
mid-Tertiary, showed with few exceptions 
the proper age-sequence. The following 
list is in part extracted from his diagram 
(1942, fig. 5) and in part taken from Hurley 
and Goodman (1941). It shows that his 
magnetite values do not compare badly 
with the lead time-scale (see p. 332). 

It is obvious that the last word has not 
yet been said concerning the helium method. 
For the time being, the lead method will 
provide the more reliable age-estimates. 
But if the difficulties of the helium method 
could be conquered, it would afford certain 
advantages over the former, since it would 
make available for chronological studies 
many rocks which, on account of the pre- 
sence of much common lead, are more or 
less unsuitable to be treated by the lead 
method. 

Pleochroic Halos. Crystals of mica 
often contain minute specks of radioactive 
minerals, such as zircon or allanite. These 
minerals emit a-rays which may be regarded 


A B 

./PIEISTOCENEM-), 



riG. 89. — Time-scale for 500 
million years of the earth’s 
histoiy. Important dates 
determined by the lead 
method, relative scales 
based on marimum thick- 
nesses of deposits, with two 
possible alternatives (A and 
B), of which Holmes con- 
siders B the more likely. — 
From Holmes, 1947, by 
permission of the Geologi- 
cal Society of Glasgow. 
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from 

' nelative ose 

' lit Iium ate • alwjl 

Clicspcakc Mine, Ulah, U.S.A. 

Miocene 

20 iiiillion years 

Bl.ick Magnetic Mine, Ulnli, U.S.A. 

Miocene 

3" (30) „ „ 

Stoddard Mine, Colorado, U.SA. 

Early Tertiary 

.. .. 

Fierro, New Mexico, U.S.A. 

Early Tertiary 

50 

»» »» 

Prince of IValcs Is., Alaska 

Cretaceous 

SI (GO) „ „ 

Lynn Valley, British Columbia 

Early Cretaceous 


Tcxnda Is., British Columbia 

Jurassic 

; 103 (120) „ „ 

Cornwall, Pcnnsj’lvania 

Triassic 

120 ,. „ 

Gerrish ML, N.S., U.S.A. 

Jurassic-Triassic 

128 (135) „ „ 

Goose Ck., Virginia, U.S.A. 

Jurassic-Triassic 

137 „ ,. 

Boyerton, Pcnnsjdvania 

Jurassic-Triassio 

133 (150) „ ,. 

LakevUle, N.S., U.S.A. 

Jurassic-Triassic 

135 (IGO) „ „ 

Trun, Spain 

? Carboniferous 

230 „ „ 

Magnitnaj’a, Urals 

Carboniferous 

300 (200) „ „ 

Ducktorm, Tennessee, U.S.A. 

Devonian 

200 „ „ 

Vj-sokaya, Urals 

Devonian 

810 ft It 

Blagodat, Urals 

Devonian (?) 

300 ( too) „ ,. 

Kewcenawan suIQdcs 

Late pre-Cambrian 

aiO „ II 


(Helium ages of pre-Cambrian magnetites vary from 830 to 1,0S0 million. 
For most recent values, see Hurley and Goodman, 1043.) 


as helium-bullets. Tliey bombard the atoms composing llic mica, 
in particular its iron. It has been found that they are most 
effective at the end of their flight, tvliich extends something like 
0 03 to O-Oi mm. into the mica. Here, therefore, a ring of 
discoloration tends to be produced. Since different radioactive 
elements give off particles of different penetrating power, several 
concentric rings are observed surrounding the crystal in the mica 
and forming the ‘ plcochroic halo Penetrating power depends on 
the rate of disintegration of the parent element, so that the distant 
rings are formed by more rapidly disintegrating parent elements than 
are the inner ones. This fact has been used by Henderson {193t, 
also with co-workers 1934, 1937) to estimate the age of the mineral. 
Uranium as found in minerals contains the isotope, actino-uranium, 
which decays more quickly than uranium I. In young minerals there- 
fore the ring resulting from the disintegration of actino-uranium is 
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stronger than that of riranium I, but in old minerals the reverse 
is the case. It is necessary, therefore, to estimate the relative intensity 
of rings in a halo. This is by no means easy. It is difficult to find 
mica in which the rings are distinct and to obtain a section tlirough 
the centre of the pleochroic sphere, since only such sections show 
the rings clearly. The rings themselves are very small. In spite 
of these and other technical difficulties Henderson succeeded in 
measuring relative intensities by using a specially constructed 
halo photometer, and he calculated from them the following age 
estimates : 

(1) Rock of probably Devonian age — less than 400 million years. 

(2) Rock of pre-Cambrian age — 750 million years. 

(3) Rock of pre-Cambrian age — 800 million years. 

These values are consistent with those obtained by other radio- 
activitj' methods, but because of the scarcity of good material it is 
unlikely that pleochroic halos can be used extensively for dating 
purposes. 

Ritbidiim-Slroniiiim method. Among the methods which rely on 
radioactive minerals not belonging to the heavy metals of the 
uranium group, one using rubidium appears at the moment to be 
the most promising. Rubidium is a metal allied to sodium and 
potassium. It is of widespread occurrence but always present in 
very small quantities only, and consists of two isotopes, Rb®^ and 
Rb®®. The former is the radioactive isotope, and the proportion of 
Rb®’ to Rb®® in any rubidium is 27 : 73. The amount of radioactive 
rubidium in an analysis therefore is 0-27 x total Rb. 

Radioactive rubidium changes into strontium of the same atomic 
weight (Sr®’) by the emission of a /9-particle. The rate of decay is 
extremely slow, the half-life period being about 60,000 million years. 
This has the advantage that the loss of the parent element is so small 
that it can be neglected in the calculation. On the other hand it 
creates the difficulty that the quantity of radiogenic strontium is 
extremely small and difficult to determine. Ahrens (1948) has 
described a spectrographical method of estimating the ratio Sr/Rb 
in a single operation. Radiogenic strontium is determined by means 
of the mass spectrograph, or by other methods. Mattauch (1947) 
has succeeded in determining the strontium isotopes accurately in 
quantities as small as 0-3 mg. 

The use of the radioactive decomposition of rubidium for age 
estimates was first suggested by the Norwegian petrologist, Victor 
Goldschmidt (1938). A summary of the method by Ahrens has 
appeared in the Report of the Committee on the Measurement of 
Geologic Time (1948a). Two more detailed papers have been 
published by the same author (19486, c) but valuable work has 
also been done by Quensel and Nicolaysen et ad. (1954) (see Rep. 
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Comm. Measur. Geol. Time, 1943-G, 194C-7, 1952-3). The following 
list gives some examples of age estimates obtained ; 


IjacalUy 

Probable Ceolojjic Bpe 

Apparent atHolutr 
aCc Ua»rU on Sr/Ilb 

Pnln, California, tJ.S.A. 

Late Jurassic or Cretaceous 

170 million vears 

Norway, Maine, U.SA. 

Des-onian ? 

300 „ ■ „ 

Karibib, S.W. Africa 

Pre-Cambrian 

ooo 

Omarura, S.IV. Africa 

Pre -Cambrian 

1.230 „ 

Kubuta, Swaziland 

Pre-Cambrian 

2.100 „ 

Lun}'-a, Upanda 

Pre-Cambrian 

2.340 ,. 

Lotaba, lYansvaal 

Pre- Cambrian 

3,8S0 ,. 


These figures eompare well witli those obtained by the lend and 
helium methods, but verj' high results arc frequent (Note (-19), p. 420). 

lilinerals suitable for the rubidium/strontium method must be 
rich in Rb and free from non-radiogenie Sr. The most suitable arc 
micas from pegmatites, especially lepidolites which contain about 
1'5 per cent of Rb. Other minerals like hydrothermal microclincs, 
pollucite and rubidium-rich varieties of musco^^tc, may in due course 
become important. Alirens considers it worth while to study some 
types of granite rocks which contain determinable quantities of 
Rb and Sr. 

Summary. Thus, the phenomena of radioactivity of minerals 
have supplied methods for the measurement of geologic time back 
to the remotest phases in the Iiistory of the earth. Earlier estimates 
based on the rates of deposition or denudation, on the salinity of 
the oceans, or on the rate of evolution of life, have been superseded 
by accurate physico-cliemical methods. At tlie moment, the most 
important is still the lend method. But since estimates based on 
helium from magnetites show good agreement with results of the 
lead method, the helium method may well contribute substantially 
to the completion of the geologic time-scale. Of the other methods, 
the rubidium-strontium method is the most promising for long-range 
time-scales. (For Magnetism of rocks, see Note (48), p. 426.) 

In order to avoid using values which may be liable to considerable 
corrections. Holmes (1947) has constructed two alternative time- 
scales which are based on not more than five age estimates obtained 
by the lead method combined with a relative time-scale of the 
geological periods derived from the relative maximum thickness of 
the strata. He selected five groups of lead minerals for which the 
proportions of lead isotopes had been established according to tiic 
method developed by Nier and described on p. 828. They offer the 
advantage of reliable age estimates based on the latest and most 
accurate method available. Three out of the five chosen suffer from 
some ambiguity as to their relative ages. The absolute ages obtained, 
and the stratigraphical alternatives, are as follows ; 
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Stratigraphical Alternative 

Year* , 

A 

B 

Pitchblende, Colorado 

5S 

End of Poleocene 

End of Cretaceous 

Pitchblende, Joachimsthal, 
Bohemia 

214 

1 

Early Permian 

Late Carboniferous 

Samarskite, Connecticut 

235 

End of Lower 
Carboniferous 

1 End of Devonian 

i 

CjTtolite, New York State 

350 

End of Ordovieian 

1 

Kolm, Sweden 

440 

Upper Cambrian 



These estimates were plotted by Holmes in their positions within 
a scale of relative thickness based on the maximum thickness of 
deposits laid doum in successive geological periods. Of this scale, 
two alternatives exist, viz. one using the thickness of strata observed 
in North America, the other using world values (Holmes, 1947, 
p. 121). As is to be expected, the values of maximum thickness 
are greater if the whole World is taken into account, but the relative 
thicknesses of the North American and the World scales are as 
consistent as can be expected. The World values may be regarded 
as the more reliable ; they are as follows : 


Pleistocene 

4,000 feet 

Triassic 

25,000 feet 

Pliocene 

18,000 


Permian 

18,000 „ 

Miocene 

21,000 

ft 

Carboniferous 

40,000 „ 

Oligocene 

15,000 

ft 

Devonian 

37,000 „ 

Eocene 

23,000 

ft 

Silurian 

20,000 „ 

Cretaceous 

64,000 

ft 

Ordovician 

40,000 „ 

Jurassic 

22,200 

ft 

Cambrian 

40,000 „ 


r 

The combination of this relative scale with tlie five age estimates 
listed above gave Holmes the time-scale reproduced in fig. 89, It 
comprises the two alternatives marked A and B, resulting from the 
uncertain stratigraphical positions of the three younger minerals. 
Holmes regards the B-scale as the more probable. As fresh isotope 
determinations become available, this scale may have to be adjusted 
in minor respects. 

From the point of view of mammalian evolution, the lower 
boundary of the Eocene is of particular interest. On the B-scale, 
it falls at 60 million years ago, whilst the A-scale grants it 70 million. 
Both figures have been widely used. The pitchblendes on which 
the relevant age estimate is based come from ore-deposits of the 
Laramide erogenic phase, generally assigned to the end of the 
Cretaceous. But it has been emphasized that they need not all be 
of the same age and that some may be as late as the end of the 
Palacocene. It remains to be seen, therefore, which of the alternatives 
for the duration of the Tertiary is correct. Holmes’s time-scale, 
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fig. 89, covers the periods from the Cambrian to the Pleistocene. 
For the pre-Cambrian periods, a scale is included in fig. 91, p. 35 s. 
It gives the estimates, based on the lend method, for the ages of 
otogenic phases which, in the absence of a stratigraphy supported bv 
fossils, provide the major divisions in the remote part of the hislorv 
of our planet. The oldest rock so far dated is the Rice Lake 
pegmatite from south-eastern JIanitoba ; it is about 2100 million 
years old. 

Since Holmes made the attempt just described, Knopf has made 
known his most recent views. Following repeated requests, J, 
Putnam lilarblc, who is chairman of the Committee on the Measure- 
ment of Geologic Time, has presented a table (1950) which is based 
on his interpretation of the work of Holmes and Knopf and whieh 
may be regarded as the most up-to-date information available. It 
is given here though, as JIarble aptly puts it, all the figures are, like 
railway time-tables, subject to change ivithout notice. 

ATPROXIMATE OEOLOGIC.\T. TIME-SCALE ACCOnOtNO TO J. rUTXASt SIAUBLE 
(SovcmhcT 1050) 


reriod 

Approximate number of 
million years njio 

Approximate IcnjAb in 
milllonr of yearx 

Pleistocene 

0-1 

1 

Pliocene 

1-12 

11 

Miocene 

12-28 

10 

Oligocene 

28-40 

12 

Eocene 

40-00 

20 

Cretaceous 

00-130 

70 

Jurassic 

130-155 

25 

Triassic 

155-185 

80 

Permian 

185-210 

25 

Carbonirerous 

210-205 

55 

Devonian 

205-320 

55 

Silurian 

320-300 

40 

Ordovician , 

800-440 

80 

Cambrian 

4-10-520 

80 

pre-Cambrian 

550-2100 

1500 


For the age of the crust of the earth the data arc at present 
uncertain but the order of magnitude is about 8250 million years. 

C. RADIOACnVlTY METHODS APPLICABLE TO THE QUATERNARY 
Method based on radioactivity of deep-sea sediments. — Deep-sea 
sediments, in particular red clay, often contain in their superficial 
la 5 'ers a surprisingly large amount of radium. Joly (1908) was the 
first to draw attention to this. Jlorcover, the sea-water is deficient 
in radium. According to Hcrncgger and Karlik’s (1935) determina- 
tions of the uranium content of sea-water, it appears that about five 
times the quantity of uranium is present as is required to maintain 
its content of radium. These two obsen'ations are readily combined, 
and it was suggested by Piggot and Urry (1941) and others that 
radium is selectively precipitated from the sea-water and incorporated 
in the bottom-sediment. 
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This radium, therefore, is not present because it is being produced 
in siiu by uranium via its immediate parent-element, ionium, but 
because it was precipitated presumably chemically. As it is not 
‘ supported ’ by uranium, it is called unsupported radium. It decays 
and eventually disappears in accordance with the half-life period of 
1,690 years. Assuming that all rates of sedimentation involved in 
the formation of a deep-sea sediment remain constant, the radium 
content becomes an indicator of age, since the top layer will contain 
the maximum amount, and the other layers increasingly less the 
deeper they lie.’^ This somewhat simplified case is illustrated by 
the manganese nodules which occur on the ocean floor. They were 
investigated by Pettersson (1943). The nodules (the largest studied 
was 11 cm. long) show concentric layers in their outer parts and 
grew around foreign bodies such as sharks’ teeth or pieces of pumice. 
The radium content decreases from the surface towards the centre 
of the nodule, and this decrease supplies values for the approximate 
ages of the various layers. Minimum ages of manganese nodules 
obtained are of the order of 10,600, 5,900, 8,500 years. 

This example conveys the principle on which the method is based. 
Actually, the cores of deep-sea bottom sediments which have so 
far been analysed (Piggot, and Urry, 1941-1949), show that more 
complicated conditions are obtaining in these. For one core (P-259), 
of red clay, Piggot and Urry indeed show a maximum of radium 
right at the surface and a decline which might be due to the decay 
of unsupported radium. But the other cores studied all exhibit a 
rise from an initial value at the surface to a maximum some distance 
(e.g. 22 cm.) do^TO, and a gradual decline thence. This rise of the 
radium content can only mean that in cores of this type the radium 
is not precipitated as such at the beginning, but generated from 
ionium, its immediate parent element. The radium, though not 
uranium-supported, is in fact ionium-supported, an interpretation 
which is strongly held by Pettersson (1943). 

We are now in the position to speak in more general terms. The 
series of radioactive disintegration products found in deep-sea 
sediments is not what one would expect it to be if the successive 
stages, ionium and radium in particular, were entirely uranium- 
supported. It is verj’’ probable that either ionium or radium, or both, 
are concentrated in varying amounts by precipitation from the sea- 
water. Once deposited, however, these excess amounts will decay 
in accordance with their half-life periods, until only the uranium- 
supported quantities are left. From that time onwards, the ratios 
of these elements remain ^^rtuaIly constant. 

A limit is thus set to the measurement of geological time by follow- 

» As some uranium is usually present, some supported radium (in equilibrium 
i\-ilh uranium) is present also. This is taken into account in tlie calculations. 
The possibility of age estimates, of course, depends on the unsupported radium. 
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ing the change of concentration of one of these elements. It lies in 
the neighbourhood of 300,000 years. 

An interesting question is -nhat causes the selective precipitation 
of the various radioactive elements from sca-Tvatcr. It is ns vet 
unsolved and, moreover, complicated by the fact that in the sea- 
•water itself the ratios of the products of radioactive disintegration 
are not normal. There is less thorium present. As thorium and 
ionium arc isotopes, there is also less ionium, and it is therefore 
supposed that a relatively large proportion of thorium and ionium 
is precipitated and included in the sediment. Now Koezy (lOJD) 
has shown that thorium is transported into the sea by rivers and, 
since it is precipitated quantitatively from solutions containing 
fluorine (such as sea-water), all the thorium reaching the sea is pre- 
cipitated in the shallower shelf-seas. But ionium, the isotope of 
thorium which is a member of the uranium family, is precipitated 
evcrj'wherc in the ocean. Thus ionium is concentrated in deep-sea 
sediments. 

Technically the method of measurin glime by the change of con- 
centration of one of the partly ‘ unsupported ’ elements has advan- 
tages over the lead and helium methods in that it docs not necessitate 
the measurement of stable end products. Badium emanation is used 
as the indicator of ionium and radium. But the method requires 
that sediment cores of considerable length arc obtained, and this has 
become possible in recent years only. Piggot succeeded in securing 
cores up to 8 metres long by means of an c.vplosivc core-sampler, 
from depths to over 0,000 metres. These spectacular results arc 
completely overshadowed by those of Pettersson who used a vacuum 
core-sampler (1946) which has, on the Albatros Expedition of 1947-8, 
produced large numbers of cores up to 20 metres long. These arc 
under investigation. The measurement of time by the method here 
discussed which Lane has aptly called the ‘ Per cent of Equilibrittin 
Method ’ is based on three assumptions which are or are not correct, 
namely (a) that the amounts of uranium, ionium and radium added 
to the bottom sediment -per annum are constant tlwoughout the 
period of time measured, (b) that the rate of sedimentation of ooze 
or clay is constant, and (c) that no diffusion of ionium and radium 
takes place. About (a) we have no evidence, whilst (b) is almost 
certainly incorrect in the majority of cases. As to (c), Koezy has 
found that manganese concretions and Red Clay adsorb ionium and 
thorium. It is possible therefore that the ionium content of deep-sea 
sediments is in part related to their content of small manganese 
nodules, in ivhich it has become concentrated. The ionium content 
as found, therefore, need not represent the original distribution of 
ionium in the sediment. 

It is evident that the method is still in its initial stage and un- 
doubtedlj' beset with difiiculties the causes of whieh arc often not 
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known. On the whole it may be said that Pettersson is less optimistic 
about its chronological possibilities than are Piggot and Urry (1942), 

These authors have determined the radioactivity ages of three 
out of ten cores collected in the North Atlantic between Newfound- 
land and Ireland. The lithology of the sediments of all ten cores 
was studied by Bramlette and Bradley, the Foraminifera by Cushman 
and Henbest, the diatoms by Lohman, other fossils, organic matter 
and selenium contents by several other workers (Bradley, et al., 1942). 
In five cores from the western side of the Mid-Atlantic Ridge four 
zones of apparently glacial material were recognized and these have, 
according to the radium determination carried out by Piggot and 
Urry on one of them, dates of 14,700 to 28,700, 41,900 to 44,700, 
50,000 to 51,200, and 58,800 to 61,900 years ago, Bradley has 
discussed the various possibilities of correlating them with glacial 
phases observed on the North American continent and considers it 
most likely that they represent periods of the extension of sea-ice 
corresponding to phases of the Last (Wisconsin) Glaciation. Since 
dates are available only for one of the five cores one cannot say yet 
whether these phases have the same ages in all five cores. 

The Foraminifera, however, present a different picture of climatic 
fluctuations. They indicate that the water was colder than to-day 
between the first (uppermost) and second ‘ glacial ’ zones in four out 
of the five cores, and colder except for a very short milder phase 
according to the fifth. It was also on the whole colder between the 
second, third and foxurth gladal zones, whilst conditions of continued 
temperate character like those of to-day are found only in one core 
between the third and fourth glacial zones. The evidence from the 
Foraminifera therefore suggests that the four glacial zones are no 
more than minor phases of one glaciation, and this appears to be 
borne out by one core which penetrated some distance below the 
fourth glacial zone, shoxving that temperate conditions were obtaining 
prior to this. Unfortunately, the temperate conditions indicated by 
the diatoms bear no apparent relation to those obtained by Bramlette 
and Bradley from the lithological evidence and by Cushman from 
the foraminiferal evidence (Lohman in Bradley, 1942, p. 61). Lohman 
has discussed the possibility of a phase displacement, perhaps due to a 
slow settling velocity of the diatoms. But the lack of satisfactory 
agreement between the different lines of climatic evidence provided 
by these cores shows that much work remains to be done before cor- 
relation of deep-sea phases with continental phases becomes possible. 

The most recent researches have concentrated on the relative 
clironology of the cores. Phleger, Ovey (1950) and Schott use 
foraminifera as climatic indicators, whilst Wiseman concerns himself 
with the calcium carbonate content. Phleger (1949) investigated 
one of Pettersson’s eores from the Caribbean Sea for its foraminifera 
and obtained a pieture of climatic fluctuations which bears a remark- 
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nblc resemblance to the fluclunlions of the climate during the 
Pleistocene. But more detailed ^vo^k is now being undertaken at 
the British Museum (Natural History) by AYiseman and Ox'cv (1050), 
and Mr. Ovey’s detenninations of the foraminifera indicate that 
Phlcgcr’s curx'c will have to be modified in several points. It 
becomes more than ever necessarx' to obtain two or more cores taken 
in close proximitj' to each other in order to assess the amo\ml of 
variation in the stratification of deep-sea deposits (Ovey, 19S1). 

W. Schott (1952) xvorks on three cores from the tropical part of 
the Atlantic Ocean. His results xvhich have been published in a 
preliminary fashion, suggest to him the presence of three cold 
oscillations corresponding to the three phases of the Last Glaciation. 
They are preceded by a long Last Interglacial. Schott gives some 
sedimentation rates ; they varj- from 1 to 8-2 cm. per 1,000 years. 
He xx'as further able to recognize the Postglacial climatic optimum in 
one of the specimens (Core 227). 

According to a preliminary report Wiseman (1950), too, has 
found the Postglacial optimum, in another core from the equatorial 
Atlantic. Assuming a date of 5,000 years ago for this event, he was 
able to assign tentative absolute ages to the cold phases of this core. 
They fall at 117,000 D.c., 08,000 n.c. and 23,000 b.c., xvith an addi- 
tional indistinct minimum at 10,000 b.c. The agreement of these 
figures xvith those suggested by the astronomical theory is close; 
they correlate well with the three phases of the Last Glaciation and 
the Younger Dryas phase (sec p. 145). Though it remains to be 
seen xvhether these first results of palneoclimatological work on deep- 
sea cores will be confirmed by further samples, they arc encouraging. 
The difiicultics, hoxvevcr, of eliminating extraneous inllucnccs xvill 
be considerable. Pettersson (1948), for instance, found that cores 
from the TjTrhenian sea xvere so much contaminated with radium of 
volcanic origin, that the dating method of Urry could not be applied. 

The datings given by Schott and Wiseman, however, arc based on 
sedimentation rates, and it xvill be interesting to sec to what extent 
they tally with datings based on the radium contents of the same 
cores. Altogether, this nexv line of xvork must be regarded ns another 
promising approach to the problem of absolute dating, especially 
since it affords possibilities of checking with other methods, and xve 
arc entitled to look forward to the results of work on the numerous 
fresh cores which liax'e recently been collected by Swedish and 
American expeditions. 

An interesting side-line of this xvork is the investigation of 
varved clays by the percentage of equilibrium method. Urry (1948fc) 
applied it to varved clays from Hartford, Connecticut, and obtained 
an age of 18,000 years. This compares xvith Antevs’s estimate of 
29,000 years (p. 83). 

This application has been further discussed by Koezy (1951) 
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in a paper dealing with the concentration of elements in sediments. 
Urry found that there is a discrepancy in the radioactivity of summer 
and winter varves, though the averages obtained for whole years are 
nearly constant. Using Urry’s material, Koczy was unable to verify 
Urry’s age determination, which he regards as very uncertain for 
theoretical reasons. But he succeeded in showing that most of the 
radium present was precipitated with the clay, and that only about 
one thirteenth part is precipitated chemically. Moreover, some of 
the radium is carried away by the water in solution after the sediment 
has settled, and it is probable that diffusion occurs into the layers 
above and below. (Note (50), p. 426.) 

Radioactive Carbon. The other radioactivity method applicable 
to Quaternary deposits is based on the presence in organic matter 
of radioactive carbon of the atomic weight 14 (C^*), or radiocarbon 
as it is now commonly called. This method has achieved fame within 
a short time largely because it provides dates for Mesolithic, Neolithic 
and Bronze Age sites in which archaeologists are intensely interested. 
As is so often the case enthusiasm has tended to make somewhat 
over-confident those who wish to apply the results of the method to 
their material, although the experts have not ceased to point out 
its difficulties and problems. 

Both the theory of the radioearbon method and its technique 
were first worked out by Libby (1946), in the later stages in con- 
junction with several co-workers (Anderson, Libby, Weinhouse, Reid, 
Kirshenbaum, Grosse, 1947 ; Libby, Anderson, and Arnold, 1949 ; 
Arnold and Libby, 1949 ; Libby, 1955). 

Cosmic radiation produces in the upper atmosphere of the earth 
neutron particles, some of which hit atoms of ordinary nitrogen 
(atomic weight 14). This is captured by the nucleus which gives off 
a proton (atomic weight 1) thus changing to in turn is 

radioactive and by losing an electron reverts to nitrogen. The 
half-life period of is of the order of 5,700 years (see Note (51)). 
Its comparatively slow disintegration makes it possible to base a 
method of absolute dating on its presence in organic matter. 

Carbon 14 is an isotope of ordinary carbon (atomic weight 12). 
It is believed to behave exactly like ordinary carbon from the 
chemical point of view. Thus it enters, together with ordinary 
carbon, into the carbon dioxide of the atmosphere, in which a constant 
amount of C*^ is to be found which corresponds to the rates of supply 
and disintegration. This concentration is exceedingly low, being 
only one billionth (IQ-^*) of a gram of C^* for each gram of C^®. 
Since living vegetation builds up its own organic matter by photo- 
sjmthesis and using atmospheric carbon dioxide, the proportion of 
radiocarbon present in it is the same as in the atmosphere, neglecting 
the very short lifetime of the individual plants compared with the 
half-life of radiocarbon. It may further be assumed that the bodies 
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of living animals which, whether herbivorous or caniivoroiis, all 
ultimately derive body material from the plant kingdom will also 
exhibit the same proportion. So soon ns the organism dies no 
further radiocarbon is added. The rndiocarl)on present in the dead 
organism will disintegrate so that after 5,700 years only half ti\e 
original amount will be left, after about 11,400 a quarter, and so 
forth. The determination of the ratio of C’* to C**, therefore, gives 
a clue to its age. Unfortunately, since the initial amount of radio- 
carbon is low, the limit of detectability is soon reached. It is not 
likely, therefore, that specimens of an age exceeding 20,000 to 30,000 
years can be dated by the radiocarbon method. 

Knowing that the neutron intensity is lowest at the equator and 
rises towards the poles, Libby, Anderson and Arnold (1940) selected 
a number of samples of wood, shell and antarctic sea-oil covering a 
wide range of gcograpliical latitudes. No orderly variation was 
detected in the results. They concluded, therefore, that the mixture 
of carbon isotopes in the atmosphere was sufficiently complete to 
obliterate differences of latitude. Arnold and Libby (1949) pro- 
ceeded to determine the ages of a number of specimens, the ages of 
which were known from other evidence. These comprised a tree-ring 
dated sample of u'ood from Arizona, a piece of wood from an Egj’plian 
cofiin of the Ptolemaic period, pine wood from a Syro-Hittitc palace 
in north-west SjTia, Scgtioia wood from California and a piece of 
wood from the funerary boat of Sesostris III. Two other specimens 
from Sakkara in Egypt have been dated before. These specimens 
showed that age estimates based on radiocarbon content were not 
far removed from actual knoAvn ages, ns shown by the follomng 
examples ; 

Hxpccted acc nad/ocarbon a^e 

Arizona wood 1872 ± 50 yrs. 1100 ± 150 jts. 

Tnyinat Syro-Hittitc palace 2024 ± 50 yrs. 2000 ±150 yis. 

Sesostris III boat 8702 ± 60 jts. 8700 ± 400 jts. 

These results (see Note (52), p. 427, on the standard deviation) 
were considered so encouraging that the application of the radio- 
carbon method to material of unknown age was warranted. 

Briefly, the technique of investigating a sample is as follows. An 
ounce of wood or charcoal or a corresponding quantity of other 
organic material is burnt to form carbon dioxide. This gas is 
absorbed in lime tvater and calcium carbonate is precipitated. The 
calcium carbonate is dissolved in acid and the carbon dioxide thus 
once more liberated. This purified gas is finally reduced to pure 
carbon by burning magnesium metal in it. Tlie sooty carbon thus 
obtained is spread on the surface of a Geiger counter, a tube in irhich 
the electrical impulses created by the electrons emitted by the 
disintegrating C** atoms are taken up. After electronic amplifica- 
tion, they are recorded by automatic ‘ scalers ’. 
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There are a number of technical difficulties inherent in the 
method, and it is conceivable that futiure apparatus -will be somewhat 
different from that in use at present. A very obvious technical 
problem is the elimination of the large background of cosmic radiation 
that continually bombards the apparatus. It is reduced by pro- 
tective shielding of iron and lead as well as by a screen of counters 
surrounding the counter, which record the number of partieles 
arriving from without. More recently the gas counter has replaced 
the solid carbon counter. Usually carbon dioxide or acetylene are 
used for counting (Barker, 1953 ; Crathorn, 1953 ; Crathorn and 
Loosemore, 1954 ; de Vries, 1955). 

Another diffieulty is that the quantity required for a single 
determination is comparatively large. In addition, in view of the 
low activity of radiocarbon it is very desirable that several estimates 
be made for the same material. The quantities required for two 
runs thus vary from 60 grams for charcoal to 2-2 kilos for charred 
bone. Occasionally archaeological sites produce large quantities 
of such material, but more often than not it will be diffieult to obtain 
sufficient quantities, especially in the case of valuable museum 
specimens. 

Many satisfactory results have been obtained already, as shown in 
the table on pp. 844 to 845. 

There are, however, other results which must be regarded as un- 
satisfactory, and much work remains to be done on the causes of 
such deviations. As an example, an accurately dated piece of peat 
may be referred to. It was taken by Professor Overbeck from 
0-2 cm. below a dry horizon, dated at 2,500 to 2,700 years ago. 
Two radiocarbon runs were made and gave 1446 ± 250 and 
1452 ± 290. This is over 1,000 years less than the expected age. 
It is probable that this discrepancy is due to the contamination of 
the peat layer in question by younger hmnus matter. This in fact 
must be expected to happen in peat deposits and equally so in soils, 
where humic solutions penetrate from the siurface to a varying depth. 
Peat and still more so charcoal are substances which are liable to 
adsorb humic matter from the solutions that pass through them. 
If a specimen is analysed after ha^^ng been exposed to such con- 
tamination by carbon compounds of an age yoimger than its own, its 
radiocarbon age is liable to be reduced (Zeimer, 1950, 1951), 

Broadly speaking, the best results have so far been obtained from 
specimens wluch were preserved under very dry conditions, or even 
enclosed in rock tombs or the like, whilst the less satisfactory results 
come from open-air sites with damp conditions, or wet caves. Quite 
apart from the risk of contamination of the samples, the investiga- 
tion of wliich is a matter for the geologist, there is also the possibility 
of exchange of carbon isotopes occurring under such conditions. 
This problem (Cressman, 1951) awaits investigation. 
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ENtVMPLES OF RxVDIOC;\nnON Dx\TF^ 


C. — Chicago Laboratory 

F. — London, Iloyal laslitulion 

GRO. — Groningen 


K. — Copenhagen 

L. — Columbia University 
W. — Wasliington 


tAbomtory 
and no. 


Expeeted 


Rikini I,agoon, cal- 
careou.s debris 
ditto 

Deep-sea core AlO-V- 
38, CaCO,, 0-12 
cm. 

Sequoia, rings a.d. 
1057-1087 

Sequoia, rings a.d. 
570-578 

Hawaii, cliarcoal 
from earliest Poly- 
nesian culture 

Jlanchurian Lotus 
seed 

Paracas, Peru, pre- 
historic Colton 
cloth 


North German peat 
from an accurately 
dated dry period 


ICliirbet Kumran, 
Jordan (Dead Sen 
Scrolls), palm 
wood 


Egyptian coilln, 
Ptolemaic period 


Huaca Pricta No. 2, 
Peru. Charcoal 
from first pre-pot- 
tery agricultural 
culture 

ditto 

Egolzwil 3, Sn-itzer- 
land. Neolithic 


L. HOB 5-15 <100 1 Samples taken prior 

> to atom bomb 

L. HOD 25-10 < 100 J tests 

L. 105A (small) 10,000 ± 500 Apparently contam- 

inated by older 
slumi^d rnaterial 

L. 108x\ 880 i 15 030 + 100 Mean of 4 determin- 

ations 

L. 108B 1377 1-130 i 150 Mean of 2 determin- 

ations 

C. 540 — 040 ±180 One determination 

onlv 


040 ±180 


2257 ± 200 


2500-2700 


>08 A.D. 1040 ± 80 
>08 A.D. 1005 ± 80 


— 1010 ± 210 Can still be ger- 

minaterl 

— 1850 ± 250 1 From same cul- 

1550 ± 200 tural level but 

the C and L 
I samples arc not 
nccc.ssarilyoftlic 
2257 ± 200 same age 

l‘H9 ± 200 Appears much too 
young, presumably 
contaminated witii 
younger carbon 

1040 ±80 From destruction 
1005 ± 80 of monastery, 

age of tree to 
be taken into 
account 


L. HOB — 


2100 ± 450 


8050 ± 400 


4000 (?) 4208 ± 230 |, 

3850±100 4050 ± 110 I 
3850±100 4720 ± 130 j 


Good result, dry 
preservation in 
tomb. 

One determination 
only done in each 
laboratory. As- 
sociated with 
cotton 

r 

I Good agreement, 
F17 by nccty- 
> lenc, K. 121 by 
carbon dioxide 
mcliiod 
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Sample 

Sittard, Holland 
Bandkeramik 


Jarmo, Mesopo- 
tamia, pre-ceramic 
agricultural level 
No. 5 


Jericho, Hog-hack 
brick phase, lower 
pre-pottery Neo- 
lithic 


Folsom bone from 
Lubbock, Texas 


Wooden platform 
from Mesolithic 
site of Star Carr, 
Yorkshire 

AUerSd nekron-mud, 
Neasham, near 
Darlington, Eng- 
land 

Allerdd peat, Wal- 
lensen, north-west 
Germany 

Two Creeks, Wis- 
consin, U.S.A., 
wood and peat of 
Mankato age 

Meiendorf, Holstein, 
North Germany, 
Hamburgian 

La Garenne, France, 
Magdalenian burnt 
bone 

ditto. Ash with 
sand, charcoal and 
charred bone 

ditto. Burnt bone 
from same horizon 
outside hearth 

Lascaux Cave, 
France, Upper 
Palaeolitluc char- 
coal 

Abri Pataud, Les 
Ej'zies, Dordogne, 
Pcrigordian IV 
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Sample 

iJibormlOTy 
and no. 

Krpecled 

•re 

C 14 

Ilaua Ftcah Cave, 
CjTCnaica, Rarly 
* Upper Pnlnco- 
lithic ’ 

W. 80 


28,500 ± 800 

Ditto, Moustcrioid 

IV. 85 


34,000 ± 2,800 
or older 

PortTnlbot, Ontario, 
wood under 

moraine 

lY. 100 


>32,000 


RfmatV* 


Sec Sucs^, 1P51. 

and McHunicv 
^ nnd Hey, 1035 ' 


Indicates a pre- 
Mankato (’laclai 
plmse 


(See Amold nnd Libby (1051), Libby (1951) nnd Kulp, Feely nnd Trj-on (1051) • 
Rubin nnd Sucss, 1055; Flint nnd Rubin, 1955; Zeuner, 1055, 1050; Levi nnd 
Tauber, 1955.) 


Another serious difficultj' is the possibility of uneven distribution 
of C** in living mutter. The work of Nier nnd others has shown 
that although, generally, the isotopes liave the same chemieal pro- 
perties, there are instances in whieh it was observed that certain 
isotopes are favoured in the formation of certain chemical compounds. 
As regards carbon isotopes, Nier found that carbon of the atomic 
weight 18 is taken up in a relatively greater proportion than ordinary 
C^- when carbonates arc being formed. On tlie other hand, a 
relative concentration of is obsenmd in plants. What applies 
to the difTcrence between C*’ and C*® may equally apply to C** 
compared with C**, so the possibility has to be considered that 
different types of carbon compounds have slightly different present- 
day values for It may eventually become necessary to compare 
samples of the same material only, for instance, old oak with recent 
oak, fossil land shells w'ith similar recent land shells, nnd so forth. 

That there are other risks of contamination nnd other pitfalls 
involved in this method is obvious enough. Wiilst one can con- 
fidently expect the radio-chemist to be aware of the difficulties, it is 
up to geologists and archaeologists to study ivith care the conditions 
of presen'ation of specimens submitted for analysis and, in fact, to 
submit only specimens that can be regarded as foolproof as is possible 
in the circumstances. Altogether the method shows considerable 
promise especially as it is applicable to a period for which other 
dating evidence, such as varve and tree-ring dating nnd historical 
records, is available. It has already succeeded in throwing fresh 
light on the early prehistoric period in North America (Cressman, 
1951), it has confirmed the absolute dating of the Allerod period and 
has rendered probable the contemporaneity of the Fcnnoscandian 
moraine with the hlankato stage of North America (Flint, 1951). 
(See also Note (52a), p. 427.) 
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CHAPTER XI 

THE AGE OF THE EARTH AND THE TEME-RATES OF 
GEOLOGICAL PROCESSES 

The time-scales described in the preceding chapters, though 
still fragmentary and uncertain in many details, enable us to obtain 
a somewhat clearer view of the r61e played by the time factor in the 
physical evolution of the earth. First, the results of the radio- 
activity method have some bearing on our conceptions of the age 
of the Earth as a planet. Fnrthermore, the same method provides 
information about the duration of geological periods, and thirdly, 
the radioactivity, astronomical and varve methods permit us to 
determine the time-rates of certain geological processes, such as 
weathering and denudation, transgression of the sea, and crustal 
movements, including the rate of continental drift. In addition there 
are some geological methods of estimating the time-rates of processes 
like erosion or sedimentation which are briefly mentioned here 
because of their intrinsic interest. 

A. THE AGE OF THE EARTH 

Minimum age derived from radioactivity estimates of terrestrial 
material. The ‘ age of the earth ’ is one of the outstanding problems 
to which the radioactivity method has supplied a partial answer. 
By making age determinations of the oldest known radioactive 
minerals and allowing for the still older rocks known to exist, a 
minimum age for the earth can be derived. (Notes (53), (54), 
p. 427.) 

The oldest kno^vn radioactive rocks are 2,700 million years old 
(pegmatites from Rhodesia ; Holmes, 1954). In order to find out 
how much older than this minimum the earth is likely to be. Holmes 
(1946, 1947a) has designed an ingenious method which relies on 
the relative abundances of the isotopes of lead in lead minerals 
of known age. It has been explained on p. 319 that three different 
kinds of lead are formed by radioactive disintegration, uranium-lead 
of the atomic weight of 206 (symbol, Pb®®®), actinium-lead (Pb®®’), 
and thorium-lead (Pb®®®). In addition there is a kind of lead which 
is not known to be generated by any natmally radioactive element. 
This is Pb®®*. These isotopes occur mixed in lead minerals, including 
those which contain no radioactive elements. Now, Nier (1938, also 
with Thompson and Murphey, 1941) determined the relative amounts 
of lead isotopes contained in a number of common lead minerals 
(mostly galena), and Nier pointed out that, since Pb®®* is not produced 
by disintegration from the uranium and thorium families, it is an 
indicator of ‘ primeval ’ lead in the mineral. On the other hand, 
certain amounts of the other three isotopes may have been added 
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to the prinicvnl lend in the course of time by the disintcgmlion of 
radionctivc elements. "Whilst this is obvious, it must not be assumed 
that primeval lead was free from these isotopes. But it is pennissiblc 
to regard the lend •which has the lowest amounts of Pb**", Pb*®’ 
and Pb-”® relative to Pb-®* as in its composition closest akin to 
primeval lead, and to interpret the surplus amounts of these isotopes 
present in the mineral ns added to the primeval lead in the pcrio<l 
of time that elapsed until the mineral under investigation was 
formed. This added amount is called the ‘ contamination Clcnrlv 
the contamination should be the greater, the younger the mineral 
is, and a way is thus opened for estimating the time when ‘ primeval ’ 
lead only existed, i.e. what may be regarded ns the age of the earth’s 
crust. 

Holmes selected from specimens of lead minerals of known age 
and of which Nicr had determined the isotopes present, pairs of 
suitable constitution and dilTcrcncc in age and plotted the variation 
of primeval Pb*®“ ■with assigned values of time. The various sets of 
lines obtained for different pairs tended to cross each other at a 
point indicating the amount of Pb®®“ present in primeval lead, and 
for this a time-value could be read from the scale. A similar opera- 
tion was carried out for Pb*®’. As the method is sensitiv’c to small 
variations in the data, it is remarkable that a fair proportion of the 
time-values for the crossing-points of the Pb®®®-Hncs agree closely 
with those of the Pb®®’-lincs. The average result is 0,850 million 
years for the probable age of the earth’s crust and Holmes (1917i) 
regards this as virtually the same ns the age of the earth as a whole. 
Jeffreys (1948, 1949) has raised objections to Holmes’s (1949) method, 
but Vinogradov ct al. (1954) confirmed them. 

Jgc of meicorites. Meteorites arc believed to belong to the plane- 
tary system of the sun and hence to share the age of the solar system. 
Age estimates have been made of meteorites, the chief worker in 
the field being F. A. Paneth. Since 1937, he has carried out a new 
series of determinations of the helium content of iron meteorites, 
with vastly improved methods (Arrol, Jacobi and Paneth, 1942). 
These have raised their apparent age to as much ns 6,800 million 
years (Jlount AylilT and Morden meteorites). Their curiously high 
helium content, however, has been assumed to be due to cosmic rays 
forming extra helium and, if corrections for this effect are applied, 
the ages are reduced to 2,000 to 8,000 millions years, figures consistent 
with results for the age of the earth (Page, 1950). Gcrling and 
Pavlova (1954) obtained 8,000 million, using the argon method 
(Notes (55), (56), p. 429). 

n. AGE AND DURATION OF GEOLOGICAL FERIODS 
The time-scales described in the preceding chapters evidently help 
in estimating the age, as well as the duration, of geological periods. 
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Tlie radioactivity method has revealed some most instructive 
details. The pre-Cambrian history of the earth is at least three 
times as long as the entire history from the Cambrian onwards, 
which covers 500 million years. The Palaeozoic (Cambrian to 
Permian, compare fig. 83) comprises about 300 million years, or 
more than the Mesozoic and Cainozoic together (190-200 million 
years). This had always been suspected. The periods constituting 
the Palaeozoic average 50 million years each, the Silurian, Devonian 
and Permian being shorter, the Cambrian longer than the average. 
The Carboniferous coal of Europe and North America is about 240 
million years old. 

The Mesozoic is an era of comparatively short duration, about 
120 million years. Of these, about 40 million are taken by the 
Cretaceous. The Tertiary with its 70 million years, on the other 
hand, has proved to be rather longer than supposed. The short 
estimates for the Tertiary had been based on the evolution of mollusca 
and plants, but the evolution of the placentalian mammals with their 
great variety of forms illustrates the duration of this period more 
adequately than the less rapidly evolving Tertiary mollusca and 
plants. 

Again, within the Tertiary, the length of the Pliocene, about 
13 million years on radioactive evidence, had been underestimated 
on palaeontological grounds, though it is possible that this figure has 
to be reduced when more reliably dated lower Pliocene rocks are 
investigated. 

The duration of the Pleistocene, estimated at one million years by 
the radioactivity methods, and 600,000 to one million years by the 
astronomical method (depending on where the line between Pliocene 
and Pleistocene is drawn — Zeuner, 1945, p. 174 ; 1950, and other 
authors in Proc. XVIII int. geoJ. Congr.), is well within the limits 
suggested by geological processes and the relative evolution of life. 
The Holocene, finally, may be taken as having lasted 10,000 to 20,000 
years, according to how it is delimited from the Pleistocene. This 
delimitation is difficult (see p. 28) and varies in different regions 
of the earth. 


C. TIME-RATES OF GEOLOGICAL PROCESSES 
The figures thus obtained for the geological periods and epochs 
enable us to draw certain conclusions regarding the time-rates of 
geological processes. Curiously enough, this promising possibility 
has hardly ever been exploited, and a few examples must suffice here 
as illustrations. 

Timc-raie of weathering. The formation of soil-profiles in 
temperate Europe can be dated with a certain degree of accuracy. 
In abandoned gravel pits not more than about 100 years old I have 
found incipient soils formed under vegetation, to the depth of about 
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1 cm. On the site of a Roman villa at St. Albans, Herts., humus 
had stained a profile on calcareous building rubble to a depth of 
20 cm. (Zeuner, 1947, p. 25). This profile appeared to be developing 
in the direction of the blackish rendzina soils commonly observed 
on Chalk in the south of England and which arc nothing but an 
immature stage in the development of a brown-earth. Leaching had 
not penetrated below the surface layer of a few millimetres in about 
1,C00 years. Another profile at the same locality, but on building 
rubble with little or no lime, had an incipient A-horizon down to 
18 cm. This agrees with the value obscrs'cd in the first section, 
though the second profile looked as if it was developing directly into 
a brown-earth. There was no evidence of podsolization. 

These obsers’ations are consistent with the fact that brown-earth 
and podsol profiles of Postglacial age, which have reached the mature 
stage, cannot be older than 10,000 to 15,000 years in many districts. 
It suggests that profiles of this kind require several thousand years to 
become mature. Furthermore, an obsen’ation in the blackcarth 
district of Strehlcn, south of Breslau (Silesia), where degradation of 
a previously-formed blackcarth has begun, seems to confirm that 
two or three thousand years are not enough to develop a mature 
profile. This blackcarth appears to date from the Boreal and may 
partly have been formed up to the Subboreal. If so, 8,000 years 
have not sufficed to superimpose upon the blackcarth a bronm- 
earth profile. It is possible, however, that man kept this area open 
artificially and thus produced a ‘ cultivation-steppe ’ under which 
the process of degradation would be much slower than under forest. 

It is a fortunate coincidence that soil-profiles in temperate 
countries require several thousand years for their formation and not 
much more or much less. This period of time is too long for minor 
climatic fluctuations or exceptional weather conditions to find 
expression in the soil, but short enough to be completed during a 
single major climatic fluctuation of some ten thousand years’ 
duration, as they characterize the European Pleistocene. For this 
reason, buried soil-profiles are the most reliable evidence available 
for climatic fluctuations in the temperate zones. 

One must not assume, however, that soil-profiles cannot be much 
older than, say, 10,000 or 15,000 years and still constitute the surface 
layer of the ground. Once a soil-profile has become mature, it may 
alter at a very slow rate or, under special conditions, become a 
‘ dead ’ profile. This appears to have occurred in arid or semi-arid 
regions which have become dry after a humid phase. An out- 
standing example is provided by the latcritic crusts of tropical Africa 
and India which, it is claimed, date from the Tertiary and, therefore, 
woidd be well over a million years old. 

Time-rate of xceathering used in estimates for the duration of the 
Pleistocene. An assumed time-rate of weathering has been employed 
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by Kay (1981) and more recently by Thornbury (1940) to estimate 
the dxrrations of interglacial phases in North America. A critical 
discussion of their methods is to be foimd in Flint (1947, p. 398). 

Kay studied the depths to -which the leaching of calcium carbonate 
has proceeded in large n\unbers of soil-profiles in Iowa. He found 
an average of 2-5 feet in the Mankato Drift of late Wisconsin age. 
In places where, the Iowan boulder-clays are not covered by later 
deposits, he found that an average depth of 5-5 feet has been leached. 
Hence he argued that the Iowan drift has been exposed to weathering 
2-2 times longer than the Mankato. For the last-named stage he 
accepted an age of 25,000 years, relying on Antevs’s work (p. 33). 
Applying this figure to the depths of leaching observed on older 
drifts also, Kay obtained the following estimates for the duration 
of the North American interglacials : 


(Post-Mankatx) 

Depth of 
leaching 

In units 

1 

Yeats 

25,000 assumed) 

Post-Iowan time 

2-2 

55,000 

Sangoman Interglacial 

4-8 

120,000 

Yarmouth Interglacial 

12 

800,000 

Aftonian Interglacial 

8 

200,000 


The combined duration of the Aftonian, Yarmouth, Sangoman 
interglacials, plus Post-Iowan time, is 675,000 years. To this figure, 
80,000 years for the duration of all glaciations is added, and 700,000 
years are obtained for the minimum duration of the Pleistocene in 
Iowa. 

As Flint (1947) and others have pointed out, several assumptions 
are implied in this estimate. They reduce its significance. First, 
the conversion of leaching depths into absolute time is based on the 
double assumption that Post-Mankato-time was 25,000 years and 
that leaching occurred throughout this entire period. Since leaching 
depends on temperatures and acidity it is by no means certain that 
the period of leaching was as long as the Post-Mankato period. If 
it was shorter, the interglacials would appear to have been correspond- 
ingly shorter. Halving the Post-Mankato period of effeetive leaching, 
for instance, would make the three North American interglacials 
about as long as those of Emope. But there is a further assumption, 
namely that the depth of leaching is a simple, linear, function of 
time, so that twice the depth of leaching means t-wice the time. 
It has been pointed out repeatedly that this need not be so, and 
it is in fact not likely. Leaching is probably rapid at first and slows 
down gradually, but no determinations of actual rates of leaching 
have yet been made. Finally, the rate of leaching must have varied 
with changes in climate, even within the same interglacial, and the 
nature of the fresh sub-soil has a profound influence. In short the 
number of variables involved is so great that Kay’s ‘ leaching ’ 
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chronology can at best tell us that the durations of the intcrglncials 
were of tlic order of tens of thousands of years. 

Thornbun' (1910) did not use tlie leaching of calcium carbonate, 
but the formation of a clayey weathering horizon, c.allcd * gvimbolil 
This is a slower process than leaching, and it is assumed that gumbolil 
docs not form in the first 50,000 years of an interglacial. This con- 
tention requires careful pedological confirmation. It is easy to 
invoke climatic differences between Post-IVisconsin and interglacial 
conditions to account for the absence of Postglacial gumbotil. 
Another attempt at using soils to date phases of the Pleistocene was 
made by Saylcs (1931) in Bermuda. Both Thornbury and Savles 
rely on Post-Mankato time being 25,000 years, and this figure must 
be regarded as too tentative to scr^’c as a basis for extrapolations. 

Compared with age estimates based on the astronomical tiicory, 
those of Kay are on the high side. But since radiocarbon dates 
liave shown that Post-Mankato time has to be reduced to about one 
half of Kay’s figures, a reasonable agreement has been achieved 
(p. 344, p. 845). 

Tune-rate of erosion and denudation. The denudation of large 
surfaces, chiefly on slopes, is intimately connected with the linear 
erosion of the rivers and, either directly or indirectly, dependent on 
it. The time-rate of erosion varies enormously. In disfricts where 
it is intensified by tectonic movements or drops of sea-level, the 
rate of erosion is highest (provided climatic conditions arc the same), 
whilst in districts in which no such changes have interfered and 
where little water is available the rate can closely approach zero. 

Most important is the rate at which rivers cut do^vn their thalwegs. 
Without entering into the somewhat complicated details of this 
process it can be said that in the once glaciated or periglacial parts of 
Europe the intcrstadial, interglacial, or glacial phases (according to 
circumstances) have cverj'whcre been long enough to enable rivers 
to cut down to a new level which, averaging very summarily, is 
some five to ten metres lower than the preceding. The duration 
of these phases may be taken as 20,000 to 40,000 years (on the 
evidence of the radiation curves), and the average of down-cutting 
of the thalweg would have been about 0-25 mm. per year, or one 
inch in a hundred j'ears. This amount, or some otlier near it, 
accounts for the erosional processes which produced the Pleistocene 
river terraces in temperate Europe. 

Much higher values are obtained (a) near the mouths of rivers 
in gorges cut during phases of low sea-level, (b) where the river 
crosses an active fault, and (c) where displacement of the river’s 
course compels it to cut through an obstacle. If the rock is soft 
or even loose, the erosion can assume catastrophic proportions, 
resulting in many metres of cutting within a few days, as for instance 
when Lake Ragunda was suddenly drained in 1796 (see p. 20). It 
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is of little use, therefore, to calculate figures for a maximum rate 
of cutting. 

The rate of recession of waterfalls has been reviewed by Flint 
(1947). The Niagara Falls figure prominently in North American 
geochronology, because their recession was believed to supply an 
estimate for one of the gaps in the Postglacial sequence (p. 34). 
For a long time it was thought that the major fall, the Horseshoe 
Fall, is being cut back at the rate of 5 feet per year, but it now 
appears to be about 3-8 feet per year. Since part of the gorge was 
filled with glacial drift, and since the rate of recession depends on 
the diseharge of the river which is known to have varied during the 
Postglacial, Flint concludes that the history of the Niagara Falls does 
not furnish a basis for determining the duration of Postglacial time. 
The rate of recession of the St. Anthony Falls near Minneapolis 
(Mississippi) is 2-44 feet per j^ear. 

The rate of recession of an escarpment has been estimated by 
Pack at Bryce Canyon, Utah, as one foot in 50 years. At this 
rate, 26 million years would have elapsed since the uplift which 
created the escarpment in the Miocene, a figure which is consistent 
with radioactive estimates for the age of this epoch. The chalk 
escarpment of the North Downs of southern England has receded at 
the average rate of one foot in 70 years (fast at the beginning, slow 
now). This estimate is based on Wooldridge’s work on the Lenham 
Beds coast-line and the interpretation of the 650 foot sea as part 
of the Calabrian. If it is earlier, the recession rate is correspondingly 
smaller. 

The time-rate of the denudation of slopes, and of the development 
of denudational cycles which ultimately may lead to the formation 
of peneplains, is difficult to estimate, since the recession of the slopes 
usually destroys the very elements on which dating can be based, 
such as terraces, moraines, or other superficial deposits. It is safe 
to say, however, that peneplanation or anything remotely approach- 
ing it, requires a period of time far exceeding the duration of the 
Pleistocene.^ Where an area has developed beyond the mature 
stage of the physiographical cycle, evidence can often be found that 
this condition had been reached previous to the beginning of the 
Pleistocene and that the effects of the Pleistocene are confined to 
repeated rejuvenation. From this it is clear that the reaching by 
an area of the senile stage of geomorphology requires many millions 
of years * and that it is extremely unlikely ever to have been achieved 
within the one million years assigned to the Pleistocene. 

Time-rate of ice-recession. Another geological process the rate of 

' This does not apply to areas composed of soft and loose rocks (sands, gravels, 
moraines, &c.) -vvluch may reach the senile stage very rapidly. 

* Baulig (1935, p. 30) estimated the time required for the peneplanation at 
least 5 million years. It depends, of course, enormously on the initial height 
of the region being denuded. 
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which has been determined by geochronological work is the recession 
of the ice-margin during the late glacial stages in north Europe and 
North Ameriea. Since the ice-margin began to recede from a halt, 
the amount of annual recession must have risen from zero to at least 
the greatest value known. High values were obtained in Sweden in 
connexion with studies on annual moraines and varves, ns explained 
on p. 23. De Geer (1940, p. 154) found that in some cases the 
ice-margin retreated 400 metres annually but, since this was during 
a late stage of the Last Glaciation, the annual rate of retreat must 
have been much less than this for the major part of the recession. 

Time-Talc of marine transgression. Some valuable figures can be 
obtained for the rate of rise of the sea-level and the corresponding 
recession of the coast-line, in other words for the rate of marine 
transgression. For the Postglacial transgression, Godwin’s and other 
authors’ work suggests an annual rise of 1 cm. during the major 
parts of the Boreal and Atlantic phases (see p. 05). This figure 
illustrates the eustatic rise of the sea-level after the Last Glaciation 
which was rapid. Similar figures are likely to apply to the rises 
which occurred during the early parts of the interglacial phases. 

The recession of the eoast-line which corresponds to such a 
rise in sea-level depends on the configuration of the submerged land. 
It varies from almost zero on perpendicular, resistant cliffs to ns 
much as 850 km. in the middle portion of the North Sea during the 
Boreal and early Atlantic. This advance, over almost level ground, 
proceeded at the rate of at least 100 m. per year ; and there appear 
to have been few cliffs obstructing it. 

The formation of a platform of abrasion, though it begins with 
the transgression, continues during the subsequent phase of high 
sea-level (neglecting in this context slight oscillations, see p. 93), 
and much of the marine abrasion in the soft rocks of the North Sea 
area is definitely the result of wave-action during the 7,500 years of 
high sea-level which followed the Boreal transgression. The value 
of 18 metres (60 feet) for a single year, reported by IVhitakcr (1907) 
from Covehithe, Suffolk, is exceptional. At Cape Arkona, on the 
Baltic island of Riigen, the chalk cliff, ■which is 44 m. high, has been 
cut back by 300-400 metres in a hundred years (Neumayr and 
Suess, 1920). The cliffs of Heligoland, composed of Triassic sand- 
stone (pi. 3^1, fig. B), lost about 1 metre annually, according to 
my recollection, before protective measures were carried out. 
Annual rates of coastal destruction of one to a few feet can be 
observed in many places along the soft cliffs bordering the North Sea. 

On rocky coasts bordering a less shallow sea and composed of 
resistant rocks, however, the result of 7,500 years of continuous wave- 
action is very small. In extreme cases nothing more than a notch 
may have been cut, or a bench a few metres wide. Since the time, 
during which these benches were cut, is know'n fairly accurately. 
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it will be possible in many places to calculate the amount of material 
removed, accounting for the width of the bench produced and for 
the height of the cliff. 

The earlier Pleistocene transgressions have all produced effects 
which quantitatively are comparable with that of the Postglacial. 
All the Pleistocene transgressions together have nowhere been able 
to alter substantially the configuration of coastlines composed of 
resistant cliffs. The available time was obviously not sufficient to 
produce greater effects. 

From this one cannot but draw the conclusion that the great 
transgressions of pre-Pleistocene times, such as that of the upper 
Cretaceous for instance, belong to a different category. Platforms 
of abrasion were then cut which cover sometimes large portions of 
continents, and they were cut into any kind of rock, resistant or 
soft. These great transgressions, therefore, cannot have been the 
product of fluctuations of sea-level of some 10,000 years (as are those 
of the Pleistocene), but of periods lasting many times longer. There 
is also evidence that such transgressions were more gradual in their 
rising and that the rise of sea-level was more persistent than those of 
the Pleistocene sea- It is probable, therefore, that transgressions 
of this type, which can be used for the distinction of major strati- 
graphical divisions, lasted tlirough hundreds of thousands, or even 
millions, of years. 

Bate of geosyncline sedimentation. Holmes (IDIA) has pointed 
out that his combination of radioactivity ages \vith maximum thick- 
ness indicate a remarkable change of the rate of sedimentation in 
the course of time. The maximum thicknesses were taken mainly 
from the large geosynclines (fig. 84, p. 815). In these, the average 
rate of accumulation of sediments has increased since the Cambrian. 
The observation as such is not new, as it was first made by Barrell 
in 1917. Holmes’s time-scale now provides the following values for 
the average rate of sedimentation in geosynclines (fig. 89, p. 331) : — 


Period 

Years per 
la. ot 
sediment 

Period 

Years per 
1 a. of 
sediment 

Pliocene 

Oil 

Permian 

1,107 

Miocene 

6C7 

Carboniferous 

1,300 

Oligocene 

800 

Devonian 

1,568 

Eocene 

870 

Silurian 

1,850 

Cretaceous 

1,078 

Ordovician 

2,000 

Jurassic 

1,180 

Cambrian 

2,000 

Triassic 

1,200 



This progressive increase is very approximately logarithmic. 
Holmes is inclined to regard it as the expression of the intensification 
of sub-crustal processes which are believed to govern orogenie 
actmties such as the depression of geosynclines and the compression 
of mountain belts. 

Time-rate of climatic fluctuations. Since, with the exception of 
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the radioactivity method, gcochronological work depends largely on 
the study of climatic cycles, it is not surprising that our knowledge 
of tlie duration of climatic fluctuations has much increased in 
connexion with this work. The short cycles, of which the sunspot 
cycle of 11‘4 years is the most outstanding, may influence the weather 
periodically but are in any case too short to be considered as climatic 
fluctuations. 

The major planetary perturbations, with oscillations of from 
21,000 to 92,000 years, however, have produced climatic fluctuations 
of a length sufiicient to leave geological endcnce (p. As 

shown in Chapter V, this applies in particular to the Pleistocene. 
It is possible that similar fluctuations in the Permo-Carboniferous 
Ice-Age of the southern hemisphere, for which some evidence has 
come forward, were of the same type. Furthcmiorc, Gilbert has 
tried to recognize the precession cycle in Cretaceous sediments 
(p. 313). It may be expected that the cycles of the perturbations 
svill be discovered in other geological epochs also. 

Ithythms in the history of the Earth. The fact that the cycles of 
the pertobations have left distinct traces in the Pleistocene deposits 
but not in the Tertiarj"^ suggests that there arc superimposed cycles, 
or non-cyclic changes of a considerably longer duration, i.e. of millions 
of years. 

It has been suggested that the appearance of glaciations at the 
end of the Tertiarj' is connected with the heightening of the crustal 
relief as the result both of upheaval of portions of the crust and of 
a drop of the sea-level (Zeuner, 1945, p. 104). 

In recent years, a number of workers have come to the conclusion 
that the relief of the earth’s surface was intensified at interv’als 
during periods of increased orogenic (mountain-forming) activity, 
and that these episodes are somehow coupled with two other ‘ cycles 
that of magmatic intrusions and that of the transgression and 
regression of the sea. There is no need here to discuss these theories, 
especially since excellent summaries have been published by 
Umbgrove (1939a, b, 1945, 1947), (sec also fig. 90). This author 
recognizes the following rules : 

(1) AVorldwidc transgressions and regressions are probably eaused 
by simultaneous but opposite movements of both continents and ocean 
floors. 

(2) The periods of regression coincide with orogenic epochs, wliich 
are relatively short in comparison with the much longer intervening 
periods, which arc at the same time-periods of transgression. 

(3) The periods of regression and orogeny result in intensified erosion 
on the continent, and the climatic zonation according to altitude becomes 
more noticeable. 

(4) The movements of the level of the sea and the continents ns well 
ns the orogenic epochs are caused by processes in the substratum, which 
elapsed periodically, as it were, with a pulsating rhythm. 




ria. 00. — ^Diagrammatic presentation of ‘ rhythms ’ in the history of the 
earth according to Umbgrove (1947). 
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The application of tlic absolute time-scale to these rhythmic 
processes is of great interest. A. Holmes has paid special attention 
to this matter, which is bound in the course of time to bring out tlic 
length and character of the rhythms involved. Holmes (1D37, 
pp. 185-214) extended tlie dating of the cycles to the pre-Cambrian 
periods (fig. 91) and specified the intcrvmls between the culminations 
of the major erogenic cycles. Tlic periods of the later cycles are 
reasonably consistent with each other, lasting for 120 to 100 million 
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no. 01. — Chronological table ol the pre-Cambrian periods mainly of North 
America and Europe according to Holmes (104-t). (Reproduced by permission 
of Thomas Nelson & Sons, Ltd.) 

years. Since the episode leading up to the climax of the Gotho- 
karclian cycle of the pre-Cambrian also may have lasted 190 million 
years, some regularity of the rhythm is suggested. On the other 
hand, the figures from North America in particular indicate that the 
intervals between the culminations of the erogenic epochs may have 
become shorter in the course of the earth’s history. 

The theory of rhythms in the development of the earth’s crust 
is being elaborated by several other workers like Bucher (1933, 1939), 
Grabau (1940), Kuenen (1941), Waal (1943) and Bubnoff (1947). 
Their results agree in suggesting that rhythmic repetition of mountain 
building and transgression is a reality. There is no doubt that in 
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this field the gradual development of a reliable time-scale is providing 
an invaluable key to further discovery (Holmes, 1937). 

Tme-rate of ieclonic movements. The rates at which tectonic 
movements operate can either be measured directly or computed 
from geochronological evidence. We are here chiefly concerned 
with the latter method. In reviewing some examples it is advisable 
to distinguish vertical and horizontal movements. 

Time-rate of faulting and local disturbances. Vertical movements 
have been calculated for the great fault which separates the central 
Sudeten mountains from the lowlands of Silesia (Zeuner, 1928). 
This fault cuts across the terraces of the rivers, and the terraces have 
been lifted up with the mountain block. Since their approximate 
age within the Pleistocene is known, the annual rate of upheaval 
can be found with the aid of the astronomical time-scale. The rate 
proves to be ratlier low, 0-2 to 0-5 mm. per year. Comparing this 
value with the average value for the down-cutting of the rivers 
(0-25 mm., see p. 345), one understands why no rapids or falls have 
developed over this fault, which nevertheless has created a spectacular 
mountain wall. 

Observed modern values from tectonically active areas suggest 
that the rate of vertical movement is sometimes considerably higher. 
The Serapis temple at Pozzuoli, near Naples, which stood on dry 
land when built by the Romans, had since become submerged to a 
depth of at least 20 feet and has risen again to about sea-level 
(for summary, see Lake and Rastall, 1913). Assuming that the 
phases of submergence and subsequent rising were about equal in 
duration, the annual average of movement is about 6 to 7 mm. 
As they probably were not equal, one of the movements must have 
taken place at a rate faster than this. 

Many still higher values have been observed for local movements, 
but they come from earthquake areas and, therefore, are liable to 
being exceptionally high. 

Time-rate of isosfatic movements. Another type of vertical move- 
ment is the isostatic response of parts of the crust to the weight or 
removal of ice and more generally, to the weight of deposits or 
the removal of rocks. The upward movement of Scandinavia since 
the Last Glaciation has been dated by Swedish and Pinnish investi- 
gators who studied the inclination of coastal terraces which must 
have been horizontal originally and which can be dated by means 
of the varve chronology (see p. 47, figs. 14, 15). As an example, 
two figures deduced from one of Sauramo’s papers (Sauramo, 1919) 
may be quoted. The shore-line of the Ancylus Lake in southern 
Sweden and Finland has risen in places by at least 110 metres since 
7400 B.c. The average annual rise, therefore, was 1-2 cm. per 
year. The Litorina Beach in middle and west Finland has risen by 
90 metres since 4000 b.c., the annual rise being 1*5 cm. per year. 
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These two figures agree verj- well. Harbours in Sweden which were 
still navigable in the Jliddic Ages have since fallen out of use as they 
have become too shallow. 

Time-rate of folding and rise of mountain ranges. A complicated 
combination of vertical and horizontal movements resulted in the 
building-up of mountain ranges of the alpine type. These processes 
were very intense during certain geological phases, so that any 
average values derived for the time from the formation of marine 
rocks now raised to great heights up to the present day cannot be 
more than minimum values for the actual rate of upheaval. The 
following rates have been calculated to provide some idea of the 
intensity of such movements. They rely on evidence of certain 
marine sediments found at great heiglits and on the ages of these 
sediments as suggested by the radioactivity time-scale. 


Alps, Mt, Stintis, Switzerland. Upper Cretaceous at 
2,500 metres 

Himalayas, Mt. Kincliinjunga. Upper Cretaceous at 
8,400 metres, teste Uyhrcnfurth 
New Guinea, Carstenz Range. Lower Ncogene at over 
4,800 metres, teste van Bemmclen, JOSD 
Timor, PUo-Pleistoccnc coral reefs raised to J,800 metres, 
twte Brouwer, 1025 


0-03 mm. 
0-11 mm. 
0'2 mm. 
0-2-l‘3 mm. 


Time-rate of relative displacement of poles and climatic zones. 
Two tj’pes of large-scale horizontal movements have been postulated, 
one resulting from the relative displacement of the rotational poles, 
and another resulting from a drifting of single crustal blocks. In 
practice, both arc believed to have taken place simultaneously and 
are diflicult to distinguish, except in certain eases. These move- 
ments are by no means generally accepted as established, and it is 
the task of geophysics, not of gcochronologj’', to prove or disprove 
them. It is nevertheless worth while to enquire how these assumed 
movements appear from the chronological standpoint, and the 
following paragraphs must be understood in that sense. 

Any shifting of the poles implies a shifting of the equator. It 
must be understood clearly that this is not an actual displacement of 
the rotational axis, but merely a movement of the crust of the earth 
over the interior core. It is therefore purely relative, but has 
inevitably a great effect on the position of the climatic zones, since 
parts which once lay far distant from the pole, may be shifted into 
liigher latitudes, and vice versa. 

Since it is possible to reconstruct to some extent the tropical 
and subtropical zones for the past geological phases, evidence sug- 
gestive of displacement of the poles has been obtained. The rate 
of displacement calculated by Koppen and Wegener (1924) for the 
late Tertiary and Pleistocene, however, is probably too large. 
Hilankovilch (1934) has more recently calculated the past movements 
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of the poles on purely geophysical grounds but has been unable to 
apply a time-scale to them. His calculations have been attacked 
by Kuiper (1948) who disagrees with a basic assumption of Milanko- 
vitch in regard to specific weights involved (see also Umbgrove, 
1947, p. 303). 

The great effect of the displacement of the poles is the correspond- 
ing shift of the climatic zones. It will be necessary to establish the 
position of the climatic zones in successive geological phases before 
the movements of the poles can be dated in detail. I&eichgauer 
(1902), Wegener (1937), Koppen (in Koppen and Wegener, 1924), 
and others, have begun work on these lines, using the available 
evidence for the subtropical dry belts and the tropical rain-forest 
zone, but much more thorough research is needed to provide a 
reliable basis. At the present moment, only the movements of the 
equator during the Tertiary appear to be somewhat securely 
established. They seem to indicate that Malaya was in the equatorial 
zone tliroughout the Tertiary and that, thence, the equator ran up 
to the northern Mediterranean in the Eocene, and through Gambia, 
West Africa, in the Miocene. Assuming that continental drift did 
not displace Africa relative to Europe, the equator would have 
moved southwards, say, from Spain via West AA-ica to its present 
position through 4,500 km. in about 50 million years, or 9 cm. per 
annum.^ This figure is bound to be very rough, but it at least 
indicates the rate of a movement of the climatic zones which must 
have been of overwhelming importance in the history of the dis- 
tribution of the floras and faunas. 

Time-raie of continental drift. The ‘ continental drift ’ is a large- 
scale horizontal movement of continents or other large blocks of 
the earth’s crust. It was independently postulated by Taylor and 
ky Wegener about 80 years ago. It is still a controversial subject, 
though a number of geologists are prepared to admit the reality of 
movements of this kind. Supporting evidence has been compiled 
in a book by du Toit (1937). The most widely known treatise on 
the theory is Wegener’s original book (1937 and earlier editions). 
Holmes (1929) has published a valuable review of the different 
aspects of the theory and an up-to-date treatment may be found in 
his Principles of Physical Geology (1944, Chapter XXI). Wittmann 
(1934) has surveyed the biological evidence adduced in favour of the 
theory of continental drift, and the present author has studied a 
case of distribution of an insect genus in the Australasian archipelago 

* Compare wth this the changes of geographical latitude observed at many 
stations in recent years (Lambert, 1925). Most of them (chiefly European) point 
to a movement towards the equator. Some specimen values (per annum, based 
on short periods of observation, ranging from 15 to 70 years) are ; Paris, 
1-00 metre : Rome I, 0-75 metre ; KOnigsberg in Prussia, 0-30 metre ; Rome II, 
0-15 metre. If real, these displacements may be caused either by polar shift, 
or by continental ^ft, orby more local movements in the crust ; they must not 
be regarded as evidence for the displacement of the poles. 
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which would be difficult to explain without accepting n north-westward 
movement of New Guinea and Australia (Zeuner, 1943). The 
geodetic evidence concerning Wegener’s hypothesis has recently been 
discussed by II. A. S. Smith (1947). This important paper shows 
that none of the geodetic changes, mainly of longiUide, which have 
been claimed to support continental drift, arc trustworthy. This 
applies also to the longitude determinations which Wegener accepted 
ns proof of the rapid westward movement of Greenland. 

The chief problem of the theory of continental drift is not the 
principle involved (horizontal movements of some kind or other 
being too obvious to be denied ns such) but rather their intensity 
and rate. The figures which Wegener gives (1937) for the average 
rate of horizontal movement arc based (a) on the geological phase 
during which, according to him, the separation of two blocks began, 
and (i) on estimates for the duration of geological periods which were 
considerably too small, judged by the recent results of the radio- 
activity method. Point (<i) cannot be discussed here, being beyond 
the subject-matter of this book. Point {b) tends to increase the 
average rate computed. In the following table, some of Wegener’s 
rates previous to the Pleistocene ^ have been re-calculated, using the 
latest datings obtained by the radioactivity method, as given by 
Holmes. This table must not be regarded as more than what it is : 
— a list of average rates of continental drift which would apply if 
Wegener’s rnews regarding the original position of the blocks and 
their respective times of separation were correct. 



I 

Distance 

km. 

Time of 
sepamtion 

Years of 
separation 

Annual rate 
of dria 

Newfoundland — Ireland 

2,410 

Early 

Pliocene 

12-10 

million 

0-2-015 

metres 

Buenos Aires — Cape Town 

0,220 

Cretaceous 

00 million 

0-07 metres 

Peninsular India — South 
Africa 

5,550 

Early 

Tertiary 

70 miilion 

0-09 metres 

Tasmania — Wilkes land 
(Antarctica) 

2,800 

Early ' 
Oligoccne 

45 million 

0-07 metres 


One notices that the annual rate of drift previous to the Pleistocene 
would have been a few centimetres per year, an amount •which is in 
good keeping ■\rith the values obtained for other kinds of crustal 
movements. Wegener’s figures for the Pleistocene, however, were 
exorbitantly high (ranging from 9 to 80 metres annually). This is 
partly due to his assumption that the separation of North America 

> Wegener’s \ti1ucs for the Pleistocene Inavc been omitted, as they ■were 
influenced by measurements of the longitude of Greenland, now pro\xd to l)c 
useless (Smith, 1017). 
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from Europe occurred in the late Pleistocene. Even if one removes 
the time of separation to the end of the Tertiary (one million years 
ago), one would still obtain annual rates varying between 1-8 and 
0-9 metres, values which are ten to twenty times higher than the 
moderate rates obtained for the earlier drifts. This discrepancy 
either calls for a special explanation, or else it reveals that Wegener 
was mistaken in assuming so late a date for the separation. 

The northward movement of Peninsular India, in connexion 
with which the Himalayas were built up, affords a means of checking 
Wegener’s values. He supposes that India originally lay to the east 
of South Africa and that it began to move northwards at the beginning 
of the Tertiary. Argand has since estimated the compression 
suffered by the Himalayan region in the comse of the folding process 
and arrived at 3,000 km. The folding movements are likely to have 
begun rather earlier than the early Tertiary, since there is evidence 
from the Mesozoic. Assuming that they began towards the end of 
the Triassic (150 million years ago), the average rate of northward 
movement of the Peninsula can be calculated as 0-02 metres.^ This 
figure falls in the same category as the figures for the earlier drifts 
in our table, and agrees also with the amounts for other large-scale 
crustal movements. 

This order of magnitude of the movement is also confirmed by a 
recent paper by Gutenberg (1956) on continental drift. He mentions 
horizontal displacements of 1 to 5 cm. per year on the St, Andrews 
Fault in California, and of 1 to 2i cm. per year in New Zealand, He 
concludes that considerable horizontal movements of continental 
blocks have indeed taken place. 

Thus, the figures at present available suggest that the rate of 
horizontal movements is about 10 to 100 times greater than that of 
vertical movements. 

Conclu^on. The preceding review of applications of geochrono- 
logical time-scales to geological events and processes is anything 
but complete. It merely intends to indicate the lines along which it 
will be possible gradually to transform our deep-rooted conceptions 
of relative time in geology into terms of absolute time. A great 
field is open here for future research. 

' My friend, Mr. Day Ivimball, has pointed out to me that on the whole the 
strata in the Himalayas show no erosion surfaces till the Eocene. The rate, 
therefore, may have been as high ns O-OG metres per year. 
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BIOLOGICAL EVOLUTION AND TIME 

A. TIIE AGE OF SOME GROUPS OF ANIXULS 
The significance of gcoclironology for studies in tlie evolution 
of life can hardly be overestimated. Until the first time-scales 
appeared, the palaeontologist was much in the same position in 
which a historian would find himself who knew the correct succession 
of events in human history, but not the dates. Dates in years, 
even if they arc only approximate, enable palaeontologists as well 
as historians to see events and developments in their true chrono- 
logical proportions and to deduce from them some of the hidden 
rules of life. 

As geochronology is still in its infancy and since the time-scales 
are as yet incomplete, it is not surprising that little use has been 



FIG. 02 . — Xemision auersxvaldae Pompcckj. Algonkian Dnla Sandstone from 
central Sweden, found in a glacial erratic at Ilciligcngrabc, Mark Brandenburg. 
A representative of a group intermediate between annelid worms and Artliropoda. 
— From Pompcckj (1027). 


made of them in research bearing on evolution. It is intended, 
therefore, to show in the following paragraphs that promising 
possibilities are contained in a combination of geoclu-onological and 
palaeontological investigations. Since this matter goes somewhat 
beyond the main subject of the present book, it can only be treated 
in a verj”^ sketchy manner. 

Absolute age of some groups of animals. The most obvious 
application of time-scales to palaeontology is in determining the 
approximate minimum time during which certain groups are known 
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to have existed on earth. A few instances are compiled in the 


Group 

Stratigraphical Age 

First appearance, 
years ago 

Minimum 
period of 
existence 

(1) Xenusion auerswaldae 
Pompeckj (1927) * 

Dala Sandstone, Upper Pre- 
Cambrian (?) 

500-8 OOmillion 

— 

(2) Trilobites 

Early Cambrian to Permian 

500 million 

310 million 

(3) Scorpions 

Silurian to Recent 

350 miiiion 

350 million 

(4) Wingless Insects; Rhy- 
nxella praecursor Hirst 
and Maulik, see Scour- 
field, 1940 1 

Middle Devonian 

275 million 

275 million 

(5) Winged Insects 

Upper Carboniferous 

225 miiiion 

225 million 

(G) Protorlhoptera (ancestors 
of following three 
groups) 

Lower upper Carboniferous 
to Permian 

225 miiiion 

60 million 

(7) Cockroaches 

Middle upper Carboniferous 
to Recent 

215 million 

215 miUion 

(8) Sanatoria (grasshoppers, 
&c.) 

Middle upper Carboniferous 
to Recent 

215 million 

215 miUion 

(9) Beetles 

Upper Permian to Recent 

IPO million 

190 miUion 

(10) Caddisfiies (and moths ?) 

Rhaetic (upper Triassic) to 
Recent 

160 million 

160 miUion 

(11) Lingulidae, Brachiopoda 

Lower Cambrian to Recent 

500 miUion 

500 miUion 

(12) Genus Lingula 

Ordovician to Recent 

890 million 

390 million 

(13) Vermes 

Middie Cambrian to Recent 

470 million 

470 miUion 

(14) Jawless fishes 

Ordovician to Recent 

390 miiiion 

390 miUion 

(16) Placoderm fishes t 

Devonian and lower Car- 
boniferous 

SIO million 

70 million 

(IG) Shark-Uke fishes 

Upper Silurian to Recent 

320 million 

320 miUion 

(17) Bony fishes 

Devonian to Recent 

300 naillion 

300 miUion 

(18) Amphibia 

Upper Devonian to Recent 

270 million j 

270 miUion 

(19) Beptilia 

Lower Carboniferous to 
Recent 

250 million 

250 milUon 

(20) Birds 

Upper Jurassic to Recent 

140 million 

140 miUion 

(21) Mammals 

Upper Triassic to Recent 

160 miUion 

160 milUon 

(22) Multituherculate mam- 
mals 

Upper Triassic to Eocene 

160 million 

100 miUion 

(23) Pantotheria (pre-mar- 
supial mammals) 

Upper Jurassic 

130 million 

20 miUion 

(24) Marsupials 

Upper Cretaceous to Recent 

80 million 

80 miUion 

(25) Placcntalian mammals 

Upper Cretaceous to Recent 

80 million 

80 miUion 

(2G) Lemurs 

Eocene to Recent 

60 million 

60 nUUion 

(27) Man-like apes 

Lower Oligocene to Recent 

40 million 

40 miUion 

(28) Man 

Late Pliocene (?), Pleisto- 
cene to Recent 

1 million § 

1 millloD 


SWith allowance for evolution up to the since of Heldelberc and Pekin Man* 

13 
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Organisms have existed on the earth’s crust for at least 2-7 thousand 
million years, according to Rankama (195t) and Holmes (1954). 
Tlicse estimates arc based on the presence of organic carbon in pre- 
Cambrian rocks (Note (57), p. 429). 

B. EXPLOSIVE EVOLUnOX 

The table on the preceding page illustrates what in palacontologj* 
is called explosive evolution. When a major group appears, one often 
observes that its main subdivisions also appear witliin a com- 
paratively short space of time. This episode is followed by a longer 
stretch of time when evolution proceeds at a quieter pace. 

More or less simultaneous appearance of major systematic units . — 
Classes and orders. — Insects. The table contains two instances of 
taxonomic orders appearing all within a comparatively short space 
of time. The first is that of the winged insects (rows 5 to 10 in the 
table) wliich could have been amplified greatly by including a larger 
number of orders. A summary table published by Martynov (1938) 
which distinguishes over 100 orders of insects provides the basis for 
a numerical analysis of the evolution of this class. Neglecting the 
four orders of the wingless insects (Apterygota) which constitute an 
older stock (sec table, row 4) about 100 orders of winged insects 
(Ptciygota) are left.^ Of these, the following orders are present, 
or appear for the first time, in the following periods : 


Number of orders 

Present In tlie 

New order* oppenrlne 

0 

Devonian 

0 

0(2) 

Lower Carboniferous 

0(2)* 

18 

Upper Carboniferous 

18 (10) * 

37 

Permian 

30 

31 

Mesozoic 

22 

38 

Tertiary 

18 

48 

At the present day (of these 7 without fossil 
record). 


• No winced Insect* ore known earlier tlmn the base of the upper Carboniferous but It Is to 
be presumed that Uic two orders then oppcaring dote back to the lower Carboniferous. 

K one plots the number of new orders which appeared during 
the Carboniferous, Permian, &c., on the radioactivity time-scale 
(fig, 98), it becomes clear that an exceptionally large number of new 
orders evolved during the GO million years of the upper Carboniferous 
and Permian, that this episode was apparently preceded by an 
insignificant initial phase, and that the rate of appearance of new 
orders has since slowed down. The figure given for the Tertiary is 
too high, and due to lack of fossil evidence from the Cretaceous. 

* One mny disagree with parts of Maitj-nov’s classification. He has a 
tendency to raise suborders and families to ordinal rank. But for tlic present 
purpose tills matters little. 
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It is almost certain that the majority of Tertiary orders date back 
at least to the Cretaceous. 

Vertehraies, Another instance of quasi-simultaneous evolution 
of classes and orders is provided by the primitive vertebrates (fig. 94). 
Three classes of fishes, and the Amphibia, appear in the Silurian 
and Devonian, apparently evolving from the jawless vertebrates, 
either direetly or indireetly. The latter (Agnatha) also appear in 
at least four different lines in the Silurian and Devonian, whilst 
only one is so far known from the Ordovician. This splitting of the 
primitive vertebrates seems to have taken place within about 60 
million years and there is reason to believe that the transition from 
the crossopterygian fishes to true Amphibia was performed in a 



no. 93. — Insect orders. Numbers of newly appearing orders plotted against 
time, surface arcM proportional to numbers. Two orders presumed present in 
the lower Carboniferous. — ^Based on material provided by Martynov (1938). 


period of the order of 15 million years (within the upper Devonian ; 
Westoll, 1943, p. 95). In the remaining 275 million years up to the 
present, only three new classes have appeared. Of these, the 
reptiles have been found in the upper Carboniferous, so that one 
may regard them as the last sprout of the middle Palaeozoic episode 
of evolution. The remaining two are the birds and mammals 
which, incidentally, arose from the reptiles when these had their 
episode of explosive evolution during the Mesozoic. 

This sudden appearance of the higher systematic groups, like 
classes and orders, within a relatively short period of the earth’s 
history, i.e. within considerably less than 100 million years, can hardly 
be due to the chances of preservation. It may be admitted that the 
earliest vertebrates had no hard parts which would readily become 
fossilized. But the absence of wdnged insects in the lower compared 
with their abundance in the upper Carboniferous is a telling fact^ 
since both lower and upper Carboniferous contain facies suitable for 
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inscct-presen'ation. In this case at least, tlie sudden abundanee is 
most probably due to an outburst of evolution. The same applies 
to many other instanees derived from later deposits. 

It is suggested, therefore, that there have occurred in the (rohition 
of certain phyla short episodes during which the majority of classes and 



no. 04. — Phylogenetic tree of the Vcrlebrata, plotted on the tinic-.scalc. — 
After Romer (1033), modified. 

orders were bom. These episodes appear to have lasted for something 
like 50 to 100 million years. 

Families and genera. The question now arises whether the 
evolution of families, genera and species is a similarly explosive 
process, or more continuous. For families, the instance of the 
Artiodactyles may be mentioned (compare Romer, 1033, fig. 302). 
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These appear in the lower jEocene with the primitive Homaco- 
dontidae, which presumably are of pre-Eocene origin. By the end 
of the Eocene, 14 new families have appeared, and the Homacodon- 
tidae die out. During the Oligocene, differentiation of new families 
was confined to the Tragulid stock since, in the Miocene, the deer and 
cattle families emerge from it, four in all. In the Pliocene, finally, 
one more family, the Hippopotamidae, is added to the Artiodactyles. 
These figures suggest that the explosive evolution observed in some 
higher taxonomic categories applies to families also, but in our 
particular case we have evidence that the explosive episode did not 
last longer than some 15 million years. 

Genera. With respect to genera, the Terebratulidae (Brachiopoda) 
may be quoted. Schuchert and LeVene (1922) list 

4 genera for the Triassic 

24 „ „ „ Jurassic 

10 „ „ „ Cretaceous 

6 ,1 „ „ Cainozoic 

The Terebratulidae thus appear to have passed through an 
episode of intense genus-evolution during the Jurassic, lasting for 
some 40 million years. 

Species. Finally, we come to the rate of appearance of new 
species within a genus. Good examples for this process are provided 
by the Mollusca (material derived from Wenz, 1928-30). In the 
genus Poiretia Fisch., for instance, the following number of new 
species have appeared : 

Poiretia during the Paleocene, 3 new species 

,, ,, Eocene, 13 ,, ,, 

„ „ Oligocene, 14 „ „ 

„ „ Miocene, 19 „ „ 

,, ,, Pliocene, 5 ,, ,, 

This genus experienced an episode of abundant species-evolution 
from the Eocene to the JCocene, or roughly for 40 to 50 million 
years. 

In other genera, this episode was shorter, as for instance in 
Cepaea Held., where it was confined to the Miocene, a period which 
is unlikely to have lasted for less than 15 million years. 

Other genera again have been increasing the pace of production 
of new species in the course of the Tertiary and have not yet passed 
tlie climax of their phase of abimdant species-evolution. Theodoxus 
Montfort, Melanopsis Fdrussac, lAmnaea Lam., and Gyraulus Ag. are 
in this category ; the figures for the last-named may serve as an 
example : 

Oyraulus during the Paleocene, 1 new species 
„ „ Eocene, 2 „ „ 

„ „ Oligocene, 18 „ „ 

„ „ Miocene, 33 „ „ 

„ „ Pliocene, 79 „ 
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One may say that the episode of abundant speeies formation began 
in tlie Oligoccnc. It has lasted through the major portion of the 
Tertiarj’, and therefore for some 40 million years.* 

Phases of abundanl production of neze tasronomic units. Summary. 
The conclusion to be drawn from this sketch}’ survey is that there 
are episodes of abundant production of new types which last for a 
few tens of millions of years. These episodes arc not appreciably 
longer for the higher systematic categories than for the lower. 
This raises two problems. First, why are these episodes not 
dependent on the systematic categor}’ ? It seems to me that tlic 
answer rests in the lowest common denominator, i.c. the species. 
We shall have to return to this point again later on (p. 873). 

The second question is whetlier these episodes of abundant 
production of new t}’pes occur in every stock and every lineage 
witliout exception. This is probably not the ease, ns there arc 
many groups which linger on for a great length of time without ever 
increasing appreciably their rate of production of new types. An 
instance of this kind is shown in the phylogenesis of tlie true fishes 
(fig. 95). The Coelacanthini continue from the Devonian to the 
present day ; their rise was exceedingly slow (about 100 million 
years, from middle Devonian to end of Palaeozoie), their best times, 
if one call it that, were during the Mesozoic (180 million years), and 
one species has survived to the present day. The Dipnoi, or lung- 
fishes (fig. 95), seem to have experienced several slight outbursts of 
evolutionary activity, but they, too, did not reach the level of 
‘ explosive evolution ’, so clearly exhibited by the four remaining 
orders of fishes in this table. 

Time-frequency curves. So far, the discussion has been restricted 
to the rate of production of nao types, and the question of survival 
has been neglected. If one wants to obtain a picture of the ‘ vigour ’ 
of a group, expressed by the number of lower taxonomic units 
existing at any particular time, the number of units existing at that 
time must be considered, irrespective of whether they were newly- 
evolved or survivors. The number of lower units (e.g. species in a 
genus, or genera in a family) plotted against time, produces a most 
instructive Wpe of curve which might prove to be a help in phylo- 
genetic research. It is here called time-frequency curve, and examples 
are given in figs. 90 to 98, for a superfamily (9Ca), two families 
{9Gb, 97) and a genus (98). 

It will be noticed that these curves exhibit a certain regularity. 
One (fig. 97) has a protracted initial lag phase which was too short 
in the other instances to appear in the graph.* All curves show a 
period of progressmcrisc wliich is suggestive of a logarithmic increase 

* Such Cpires, of course, ore not meant to be exact. 

* It would have appeared if tlie earliest time-interval had been subdivided 
furtlier. 
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(increase phase). It is followed by the climax, or stationary phase, 
which is short in the curves shown but may be protracted (fig. 95, 
Chondrostei). The subsequent phase of decline may be sudden 
(figs. 97, 98) or slow (fig. 966). The terms here used are taken from 



00 


no. 05. — Phylogenetic tree of the fishes, plotted on the time-scale. — ^After 
Romcr (1033), modified. 

another kind of time-frequency curve which shows the increase and 
decrease of population in a colony of bacteria (fig. 99, Corbet, 1934). 

These curves are nothing but an expression of what is sometimes 
called the Law of Organic Growth. The logarithmic shape which 
the lag and increase phases tend to approach indicates an under- 
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Ijing cxponcntinl function or, expressed in simpler terms, one in 
which the incrense per unit is determined by n certain constant 
factor of multiplication. 

Let us take the example of successive generations of a species 
and assume that there are one hundred individuals, 50 males and 



50 females, to start with. If only one hundred individuals out of 
their progeny reach maturity and the same occurs in every successive 
generation, the multiplication factor is 1, and the time-frequency 
curve would be represented by a straight, horizontal, line. If more 
than one hundred individuals survive, the curv'c will rise and do 
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so increasingly, in the later stages at a very rapid rate. The following 
table shows this : 


Multiplication 

factor 

Initial 
number of 
individuals 

1 Generation 

2nd 

1 

1 i 

eth 

6tb 


8tb 

1 9th 

1 lOth 

1 

100 

100 

wm 


100 

100 1 

100 1 

100 

1 100 

100 

1-5 

100 

160 

225 

348 1 

521 j 

782 1 

1,173 ! 

1,759 

2,639 

3,958 

2 

100 

200 

400 1 

800 1 

1,600 i 

3,200 j 

6,400 1 

12,800 1 

25,000 

51,200 


A slight advantage of a species over its environment, resulting in a 
survival rate only just over 1, will, if the advantage persists for some 
time, result in a logarithmic rise of the number of individuals. 
Muiatis mutandis the same applies to any inerease in the number of 
organisms in the course of time. 

If a curve shows two maxima (fig. 96a), it is to be suspected that 
two stocks have been combined. In our instance, the maximum in 
the Devonian is that of the Spiriferidae, and the second in the Trias 
that of the ‘ diplospiral ’ Athyridae and the closely related 
Koninckinidae. 

Time-frequency curve and rate of production of new types. Now 
it is clear that the episode of abundant production of new types, 
previously discussed, is largely coincident with the phase of log- 
arithmic increase. The peak of the time-frequency curve is reached 
when the number of extinctions equals the number of newly-formed 
tj'pes. This may occur (a) because the rate of production of new 
types diminishes, or (6) assuming this rate to persist unchanged, 
because an external, environmental factor increases the rate of 
extinction. The fact that the peak or stationary phase was reached 
after a time of less than 100 million years in all cases investigated 
so far, suggests that these limiting factors come into action quite 
normally. The causal constituents of these factors cannot be 
discussed in the present context, fascinating though such speculations 
may be. But it is necessary to indicate one other numerical feature 
emerging from this limitation of the phase of logarithmic increase. 

If we arbitrarily assume that at the beginning of the phase of 
increase there was a single species in existence, that for some unknown 
reason this species splits into two in the coiuse of one million years, 
and that the descendant species again each split into two in the 
second million years, and so forth — ^xn other words if the numerical 
rate of species-evolution is 2 per million years, there would be some- 
thing like 1,180 billion species about after 50 million years. This 
absurd figure shows that, in the practice of nature, either the 
numerical rate of species-evolution is much less than two in one 
million years, or natural selection extinguishes many species, even 
in such instances of explosive evolution as have been used in the 


















EOCENE OUGOCENE MIOCEIE PL10CEI2 ^ 


no. 07. — Time-frequency curve of the Family Clypcaslridae (sen-urchiM, 
Ecliinoderraata). 250 fossil, 22 Recent (Pleistocene) species. — 5Intcri.al taken 
from Lambert and Tlli^^y (1025). 

Method of plotting : Surface area proportional to number of species known 
from period in question. The difference between Pleistocene and late Pliocene 
illustrates tlie incompleteness of tlie palacontolo^cal record, but tliis disadvantage 
applies more or less equally to all periods prior to tlie Pleistocene. 


1 CRETACEOUS | PALAEOGENE 1 NEOGENE 1 


no. 08. — Time-frequency cun'e of the genus Salenia Gray (sea-urchins, 
Echinodermnta). 76 fossQ (and 4 Recent) species. — ^Material and method, 
see flg. 97. 
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present argument. Reasonable figures, ^yhich agree with the number 
of species of Reeent, plastic, groups such as certain insects, arc 
obtained if the rate is assumed to be for instance 2 surs’iving species 
in 5 million years, when after 50 million years about 1,000 species 
will exist. 

Although these figures are highly conjectural, they suggest to 
me tliat the rate of species-evolution is subject to certain peculiar 
limitations, and that the production of new species is a comparatively 
slow process, of the order of one or a few million years. This point, 
however, can be tested from a different angle, namely that of the 
time which was required for the evolution of certain species in the 
past. 

Explosive evoluiiou. Summary. Before attacking this problem. 



no. 00. — ‘Bacterial groivth-curvc’, of the population of n bacterial colony 
growing on a culture-medium, plotted against time. A-B, lag phase. B-C, 
logarithmic increase phase. C-0, stationary or critical phase. D-F, decline 
pliase. — After Corbet (1934), with permission. 


let US briefly summarize the main conclusions concerning the problem 
discussed up to this point. 

(1) In the evolution of any stock there may occur, and have 
occurred, episodes of abundant production of new types. These 
episodes lasted for several tens of millions of years ; as a rough 
average, 50 million years may be taken. 

(2) The episodes of explosive evolution result in a logarithmic 
increase of the number of species (and genera), the rate of production 
of new forms being greater than the rate of extinction. The peak 
is reached when these two rates become equal, and the subsequent 
decline may follow various lines, 

(3) The rate of species-production to be computed from explosive 
evolution is surprisingly low, being probably of the order of two 
new surviving species from each ancestral species in 5 million years. 
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C. THE TIME-HATE OF SPECIES-EVOEUTION 

Time-rate of species-formation. Quite apart from the bearing the 
rate of species-formation has on the problem of explosive evolution, 
it is in itself a most interesting subject, to which geochronology has 
contributed an essential basis. 

The faunas of the Pleistocene and post-Pleistocene and, to a 
minor degree, of the Tertiary, provide chances of determining how 
much time was actually taken by certain processes of species-forma- 
tion.^ In selecting examples, I have attempted to draw upon some 
widely different stocks, namely the mammals, the insects and the 
marine mollusca, in order to obviate the argument that any results 
obtained apply to one group only. Terrestrial groups are much 
more suitable than marine ones, since their ecology is better known 
and their response to environmental changes more obvious, 

Post-Pleistocene evolution. The changes in the characters of 
species which have occurred after the Last Glaciation (i.e. roughly 
in the last 10,000 to 20,000 years) are slight everywhere. As far as 
this can be tested by fossil material, many species indeed have not 
altered to a noticeable degree, or so little that even a subspecific 
distinction is impossible. In some, however, the degree of differentia- 
tion is somewhat higher. 

British Bed Deer. An interesting case is that of the British race 
of the red deer {Certnis elaphus scoiicus Lonnberg). It is smaller 
than the continental race (C. e. germanicus Desmarest) which ranges 
from France to Russia, and the antlers are less developed. In 

* It will be noticed that, on the following pages, the tenns ‘ species ’ and 
‘ subspecies ’ are used os if they designated unambiguous and clear-cut units. 
I am fully aware that this is not so. In naming species and subspecies, authors 
are (or ought to be) guided by their experience with the Recent fauna, in which 
species are forms, or groups of forms, which are not linked by intermediate forms 
with their nearest allies, and which would not freely and successfully interbreed 
even if intermingled. This latter point is, of course, nearly always an assumption, 
but systematists will agree that the cases in whidi the distinction of species is 
dillicult are, on the whole, few compared with those which are clear. 

The palaeontological species sliould, morphologically, be treated as if it were 
a Recent species. In other words, within the same stratigraphical level or at 
any one moment of the chronological scale, the fossil forms should be treated 
ns if they were members of a Recent fauna, with their individual and geographical 
variation. 

The palaeontological species is, however, more than this, being also a species 
in time, representing a section of the lineage and affording no clear delimitation 
along the lineage. In separating species in time, the measure of variation known 
to occur in related Recent species is usually applied, and if the morphological 
differences between two sections of the lineage are greater than those of Recent 
species, different specific names are used. 

Authors vary in their conception of the scope of the term ‘ species ’, and a 
species of one may be regarded as a subspecies by another, and as a species-group 
by yet another author. But the differences of opinion rarely exceed this amount. 
On Uic whole, therefore, the term ‘ species ’, though vague in several respects, 
has in practice proved to provide a workable basis for the definition of forms of 
life. See also ^uncr (1943). 
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particular, the bcz-tinc is, as a rule, missing (Zeuner, 1939). C. e, 
scofictis shares this character i\-itli other subspecies found along 
the western edge of the area of C. daphus Linni, namely wth C. e. 
allaniiais Lonnberg which occupies an isolated strip of counUy on the 
west coast of Norway up to 65“ N. lot., C. t. hispanictis Ililzhcimcr 
from Spain, C. c. corsicamis Erxleben from Sardinia and Corsica, 
and C. e. harharus Bennet from northwest Africa.^ 

All the fossil remains, however, of British red deer known to 
me, including tliosc of tlic Last Glaciation and many of the early 
Postglacial, are large and their antlers identical with the continental 
tj^pc, being strongl}* developed and possessing the bez-tine. Up to 
the Atlantic period, Britain was connected witli the Continent, so 
that this observation is not surprising. It is only since the severance 
of Britain from the Continent (sec p. 99) that the characters of 
C. e. scoticus have developed, i.e. within the last 7,500 years. 

The subspecific characters of C. e. scoticiis arc correspondingly 
unstable. The form crosses readily with C. c. gcrmanicus and other 
subspecies and assumes their characters ; the bez-tine is present in 
many British stags for this very reason. Scottish deer imported 
into New Zealand dev'eloped into a race as large and strong as the 
Carpathian race (Huxley, 1932, p. 205). In short, 7,500 years have, 
in the case of C. elaphus, produced a purely phacnotypic geographical 
subspecies. 

It is interesting to note that the evolution of C. e. scoiicus, dis- 
tinguished from the Continental race cliiefly by degenerative 
characters, finds a parallel in the appearance of a similar, but still 
smaller, almost minute, race of C. elaphus in tlie Last Interglacial 
of Jersey, Channel Islands (C. c. jcrscycnsis Zeuner, 1040a, 1940). 
This island was detached from France during the Last Interglacial 
as it now is, and the period of isolation cannot have exceeded 70,000 
years and probably was considerably shorter. The morphological 
differences are, in this case, much greater than in that of C. c. scoiicus 
and extend to the bones of the feet also. It is safe to say that the 
period of isolation of C. c. jcrscycnsis was longer than that of 
C. e. scoiicus and that, correspondingly, tlie morphological differences 
evolved are greater. 

Large Copper hutlcrjly in England. Another instructive case is 
that of Lycaena dispar dispar Haw., the famous Large Copper 
Butterfly of England (Edelsten, 1929 ; Mey, 1929 ; pi. XXII, fig. B). 
This race is now extinct, but the number of specimens preserved 
in collections is sufficiently large for a comparison with the various 
forms occurring on the Continent of Europe and in Asia. The 
species is found from western France (Bordeaux) tlux)ugh Germany, 
Austria, Balkan Peninsula, Russia (south Russia, Podolia, Vyatka), 
the Caucasus, Semipalatinsk, the southern Altai, Tibet, northwest 
* For races of C. elaphus, see Miller, 1912. 



EVOLUTION AND TIME 379 

China, Manchuria and Korea to the Amur Provinee, but is every- 
where local, depending on dense patches of the water-dock {Rumex 
hydrolapathum Huds.) and related plants in swampy districts. In 
England, it occurred in the fens of Cambridgeshire and Hvmtingdon- 
shire (see p. 92) which are young land formed during or since the 
Atlantic phase of the Postglacial.^ The English L. d. dispar Haw. 
resembles very closely the Dutch L. d. batavus Oberth. from Friesland 
and St. Quentin (Aisne, north France), and cross-breeding between 
this and the German subspecies, L. d. ruiilus Wern., has been carried 
out without the slightest difficulty. 

The fact that L. d. dispar and L. d. batavus resemble one another 
so closely that they can usually be separated in series only, whilst 
they are both more readily distinguished from L. d. ruiilus, suggests 
a common origin, as does their geographical distribution. Their 
common ancestor would have lived in the once frequently flooded, 
but now entirely submerged, area of the lower Rhine, which forms the 
western part of the North Sea. This area was land in the Boreal 
phase of the Postglacial. On the other hand, glacial and periglacial 
conditions would have excluded L. dispar from the area until well 
after the Last Glaciation. If we therefore estimate its immigration 
into this area at 15,000 years ago, ± a few thousand years, we are 
not likely to be far off the mark. This time would have sufficed for 
the evolution of the differences compared with L. d. ruiilus, and the 
7,500 years of separation from Holland would account for the slight 
differences between the British and Dutch races. The characters 
involved are restricted to the coloration ; between L. d. rutilus and 
L. d. batavus -f dispar they extend to the shade of the pigmentation, 
whilst between L. d. batavus and L. d. dispar they are confined to the 
relative size of dots and bands. 

Subspecies of insects on Jersey, C.I.; Platycleis ocddentalis. A 
third instance of subspecific differentiation during the Postglacial 
takes us back to Jersey. From this island, several indigenous 
subspecies have been described. Of these, Platycleis ocddentalis 
jerseyana Zeuner (19406), a tettigoniid grasshopper, is well dis- 
tinguished in size, proportions and shape of the ovipositor from the 
form P. 0 . ocddentalis Znr. which occurs in France, west Germany 
and southern England. 

The isle of Jersey lies on a submerged platform and was connected 
with France until late in Boreal times. The separation, due to the 
rising sea-level of the Flandrian transgression, is not Ukely to have 
occurred more than 10,000 years ago, and not later than 7,000 years 
ago. Since Platycleis ocd^ntalis is a species which cannot have 
lived in Jersey under the periglacial climate of the Last Glaciation, 

'This was the only district where the form was frequent. It appears also 
to have occurred in similar places in Norfolk and Suffolk, and in Somerset 
(Hudd, 1000). 
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it must have immigrated into Jersey early in Postglacial times. 

7.000 to 10,000 years verc therefore sulTicicnt for the evolution of the 
pronounced characters of the subspecies P. o. jersnjana. 

It is important to note that British indi\’iduals of P, occidentalis 
do not differ from continental ones, although the separation of 
Britain from the Continent occurred hardly, if at all, later than that 
of Jersey. In Britain, however, the species is restricted to a few 
colonies on and near the south coast, and the British climate, unlike 
that of Jersey, is little suitable for a Platyclcis, the genus being almost 
entirely mediterranean in distribution. P. o. jersetjana thus appears 
to illustrate well the rapid evolution of forms on small islands under 
fa%murable environmental conditions, a case which has been obsers’ed 
in other groups and regions also. 

A second instance is that oftheacridid grasshopper Euchorihippus 
ekganltilits Znr., also from Jersey. This is most probably a sub- 
species of Eu. dcclivtts (Bris.) but, the precise status of the species 
and subspecies of the genus still being obscure, the Jersey form is 
temporarily treated as a species from the classificatorial point of 
view. The characters which distinguish it from its nearest allies 
are of subspecific value. 

The Jersey Shreto, Sorex araneus fretalis. Among the vertebrates 
of Jersey, the shrew, Sorex araneus L., distributed over the temperate 
and northern portions of Europe and Asia, occurs in a distinct 
subspecies {S. a. frelalis Miller, 1909 ; Miller, 1912). At first sight, 
this appears to be another instance of Postglacial differentiation on 
Jersey. Whilst the two insects described, however, are southern 
forms which would not have survived a pcriglacial climate on the 
spot, this little shrew may have persisted on Jersey through the Last 
Glaciation, and its subspecific differentiation may, therefore, date 
from the Pleistocene. 

On the whole, the vast majority of species appear to have remained 
unaltered during the last 10,000 or 20,000 years representing the 
Holocene or Postglacial. As shown in the preceding paragraphs, 
however, some instances have been found of subspecific differentia- 
tion ■within about 7,500 years or slightly more. 

This conclusion is corroborated by Moreau (1930) who found 
that some subspecies of birds in Egypt were formed in 5,000 to 

10.000 years. Huxley (1942, p. 194) subscribes to this view and 
quotes a number of further instances in which even a few hundred 
years have produced morphological differences. IVliether all these 
instances deserve to be considered as subspecific, and not merely as 
phaenotypic responses to environment, remains to be seen. 

Pleistocene evolution. Insects from Staninia, Turning now to 
the Pleistocene, it is advisable first to consider the later part of this 
period, comprising the Last Glaciation and the Last Interglacial 
(‘ upper Pleistocene ’). An insect fauna dating from the Last 
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Glaciation was discovered at Stamnia, near Stanislawow, in the 
Polish Carpathians. It was found associated with bodies of the 
woolly rhinoceros and the mammoth (Nowak, Stach, &o., 1930 ; 
Zeuner, 1934a, h, 19455). The fossils were preserved in a* pickled ’ 
condition, being contained in a silt soaked with salt and mineral 
oil. They could be studied almost like Recent specimens. 

Grasshoppers figured prominently in this faima. Out of these, 
four were so well preserved as to allow of a detailed comparison 
with modem races. One of them, Melanoplus frigidus (Bohem.), 
w’as completely identical with Recent European specimens. One, 
Podismopsis gracilis pleistocamica Znr., is certainly, and another, 
Gomphocents sibiriciis (L.), probably, subspecifically distinct from 
Recent forms. One, Stenohotlirus posihtimoides Znr., is at least 
subspecifically, if not specifically, distinct from its nearest Recent 
relative.’- 

Podismopsis gracilis pleisiocaenica is, geographically and morpho- 
logically, the link between P. g. gracilis F.-W. of central Asia and 
P. g. relicia Rmme. of Montenegro. It may be ancestral to the two 
modern subspecies. On the other hand, it constitutes with them a 
geographical subspecies-group with gradually changing characters, 
and it is conceivable that the characters of the two Recent subspecies 
were, in the upper Pleistocene, as clesirly differentiated as they are 
now, so that aU that happened was the extinction of the central 
member of the subspecies-group. In either case, the distinction of 
the forms involved has not exceeded subspecific characters since the 
upper Pleistocene. 

The time involved in these processes may be assessed at not more 
than about 100,000 years and not less than 20,000 years, according 
to the phase of the Last Glaciation diuing which the Starunia deposits 
were formed. This phase cannot be ascertained at present. 

Upper Pleistocene mammalian faunas. An analysis of mamma- 
lian faunas of upper Pleistocene age,® such as that of the Younger 
Loess, for instance Wallertheim (p. 159) or Pfedmost, of the cold 
phases of the Last Glaciation, or of Cotencher in Switzerland or 
Ehringsdorf in Thmrmgia (p. 159) of Last Interglacial age, show that, 
apart from a number of forms whose lineages are now extinct, there 
are nothing but Recent species. The differences observable in 
osteological material are so slight that authors have often hesitated 
to introduce even a subspecific distinction. Yet, in many species, 
slight differences do exist w'hich, in the eyes of systematists working 
on Recent material, would be regarded as of subspecific value.® It 

* The nUinities of the members of this fnuna are discussed in Zeuner (1941-2), 

* For mammalian faunas of Pleistocene age and faimal evolution during the 
Pleistocene, compare Zeuner, 1945a, Chapter X. 

’ This also applies to Microttis anglictis Hinton, Dicroslonyx henseti Hinton 
and some other rodents of the upper Pleistocene -which, as a matter of convenience, 
ate usually quoted as species ’. 
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is important to note that, in spite of abundant fossil material, no new 
species is known to have arisen since the Last Interglacial. 150,000 
years have not produced any new species among the mammalia of 
Europe, though a fair number of subspecies appear to have arisen 
during this period. 

Plcislocenc marmots. An instructive example has been supplied by 
Welu-li (1935). He studied the marmots of the upper Pleistocene and 
found thatboth the Alpine marmot(il/nrmo/a mannota (Linnd)) and the 
bobak or steppe marmot (M. hohak (Miillcr)) of Russia and northern 
Asia are present in the upper Pleistocene of the German lowlands. 
The fossil form of M. viarmota is larger than the Recent Alpine form, 
in the average by 10 per cent. Ostcological differences arc slight, the 
most marked being in the shape of the temporal ridges. In all 
marmots, except the Recent M. marmoia and a certain number of 
fossil specimens, the temporal ridges of the skull run into the upper 
posterior edge of the processus postorbitalis, whilst in Recent 
M. mannota it has moved on to the uppersidc of the processus. 
This character was not yet fixed in M. mannota of the upper Pleisto- 
cene, but has become almost entirely stable since. This is shown 
by the following figures drawn from Wehrli’s paper ; 
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These and other characters confirm that the upper Pleistocene 
Mannota mannota can be regarded ns ancestral to the Recent form, 
but the differences betAveen them arc merely in the degree of perfection 
of characters, and there is a considerable overlap in the curves of 
variation of these characters. Forms of this degree of variation 
would, in the Recent fauna, be regarded as subspecies. 

Similarly, the fossil bobak differs from the Recent form in the 
degree of development of minor features, among them in the average 
shape of the foramen magnum. This character, too, may be 
regarded as subspecific, if at all so, and most certainly not as specific. 

The common origin of the tAvo closely related species, M. marmoia 
and M. hohak (and others of the genus Mannota) lies further back 
than the Last Interglacial, since M. mannota has been found in 
deposits of this phase situated in the Alps.^ 

' AnoUier instance of tlic same category as tlie marmot is Hint of tlic mountain 
suslik of the Caucasus (CiteUtis musietts musictis MfnCt), Avhich, liowcA'cr, is not 
supported by fossil evidence. It avbs described by Sviridenko (1027) and is of 
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Middle Pleistocene fauna. Ibex. The faiina of the middle 
Pleistocene (Penultimate Interglacial and Penultimate Glaciation) is 
less -well-known than that of the upper or of the lower Pleistocene. 
Only one instance, therefore, can be quoted here in detail, that of the 
ibex. 

The ibex {Capra ibex Linn.) is, at the present day, a mountain 
goat. It occurs in the Alps (C. i. ibex Linn.), the Pyrenees and some 
Spanish mountains {C. i. pyrenaica Schz.), central Asia from the 
Himalayas north to the Altai [C. i. sibirica Pall.), the Caucasus 
(C. i. severtzowi Menzb.), and Sinai, Palestine, southern Arabia and 
Abyssinia (C. i. nubiana Cuv.). These major geographical units have 
been considered as species (for instance, Lydekker, 1913) and sub- 
divided into a large number of local races. More recently, Schwarz 
(1935) has claimed that the differences do not justify a specific 
distinction, and that the Arabian-Abyssinian group even shows 
signs of grading into Capra hircus Linn., the wild goat of the Mediter- 
ranean area. The entire assemblage of C. ibex -f hircus bears the 
marks of a subspecies-group (= Rassenkreis of Rensch) in which the 
extreme members are as different as species in other cases, but these 
extremes are connected by transitional forms. For the present 
purpose it should be kept in mind that the subspecies enumerated 
above are well-distinguished and differ more widely than do, for 
instance, the Postglacial subspecies of Lycaena dispar (Linn.) 
(p. 871). 

During the cold phases of the Pleistocene, the ibex occxured at 
low altitudes all over Europe, from Spain (Gibraltar) through France 
(Mentone), Germany (Thuringia), Italy (Apulia, see p. 225), Moravia 
{Capra prisca Woldfich 1893 ; not identical with C. prisca Adametz 
1914), to the Balkan Peninsula. 

In 1984, Toepfer described as C. camburgensis an ibex from a 
Thuringian gravel terrace of the first phase of the Saale Glaciation 
to which, on the astronomical time-scale, an age of about 230,000 
years is assigned. Toepfer came to the conclusion that ‘ the combined 
occurrence in C. camburgensis of characters which, in the upper 
Pleistocene, are found in different forms of the ibex is best explained 
if one considers the Camburg ibex as the ancestral form ’. Since the 
diagnostic characters of C. camburgensis are -within the range of 
variation of the subspecies-group of C. ibex, it is clear that C. cam- 
burgensis is not an ancestral species (as it is called by Toepfer), 
but an ancestral form only subspecifically distinct from its Recent 
relatives (correctly, therefore, C. ibex camburgensis Tpf.). The 

particular interest because tlie mountain subspecies differs from that of the 
plains (from -ivhich it is separated by a wide gap) in habits as well as morpho- 
logical and phj-siological cliaracters. It is considered to have lived in the 
mountains during tlie Last Gladation, since the re-immigration of the plains 
subspecies in Postglacial times from the east can be traced in some detail. 
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evolution of the Recent subspeeies of ibex, therefore, has required 
at least some 280,000 years. 

Lozter Pleistocene faxtnas. Turning now to the faunas of the 
lower Pleistocene (Early Glaeiation, Antepenultimate Interglaeial, 
Antepenultimate Glaciation), the perusal of lists for any locality 
(for instance. Forest Bed, Jlauer, Slosbach, Tcgelcn ; Zeuncr, 1045a, 
pp. 259-C2) reveals a great difference in composition as compared 
with the faunas of the upper Pleistocene. Apart from a fair number 
of species belonging to lineages which have since died out or arc 
too little known to be studied phylogcnctically, many Recent species 
are represented by forms designated by the authors eitlier ns sub- 
species or even as species. The number of lower Pleistocene mam- 
mals which cannot be (or have not j*et been) distinguished from 
their Recent descendants is small. In the Forest Bed of East 
Anglia (Antepenultimate Interglacial) it is 14 per cent., in Mosbach 
(late Antepenultimate Interglacial or early Antepenultimate Glacia- 
tion) 81 per cent., in Mauer (intcrstadial of Antepenultimate Glacia- 
tion) 37 per cent. These figures demonstrate elcarly that in many 
lineages of European mammalia changes of at least subspecific 
value have occurred since the lower Pleistocene. The deposits 
referred to arc, according to the astronomical scale, about 450,000 
to 600,000 years old. This period of time, therefore, was sufil- 
ciently long for many subspecies and some species of mammalia to 
evolve. 

Pleistocene elephants. As a particularly instructive example, the 
lineages of the Pleistocene elephants of Eiuropc may be described 
here. They were reconstructed in great detail by Soergel (1912) 
and have since been confirmed and improved upon by many authors 
(for details and references, see Zeuner, 1945a, p. 275). 

Of the morphological changes which occurred in the lineages 
of the elephants, those in the structure of the molar teeth are most 
easily studied, since elephants’ teeth arc not only frequent fossils 
but were also affected, in the course of evolution, by the diet of the 
animals and, therefore, indirectly, by the environment in which 
they lived. The molars of elephants arc composed of upright lamellae 
which appear in cross-isection on the grinding surface (fig. 100). The 
nximber of the lamellae increases in the course of phylogenesis, 
and they become narrower in cross-section. 

The ancestor of the European Pleistocene elephants is Elephas 
meridionalis Nesti (pi. XXIII, fig. A), from the upper Pliocene 
(Villafranchian). This species had a wide range of distribution and 
varied considerably. It persisted into the earliest Pleistocene (Forest 
Bed, Jlosbach), and this latest form, which grades into the primitive 
representatives of the primigenixis- and anfi jiiws-lineages (sec follow- 
ing paragraph) may be called E. meridionalis nesti Pohlig. This 
name is based on specimens from the East Anglian Forest Bed. 
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The lamellae of the molars of E. meridionalis are few, and wide in 
eross-section (fig. 100). 

The range of variation of E. m. nest of the Antepenultimate 
Interglacial is larger than that of the typical B. meridionalis of 
the Villafranchian, and extreme varieties appear with rhomboidal 
lamellae, resembling the later E. antiquus, and others with narrower 
and little widened lamellae, reminiscent of the later E. irogoniherii. 
Single specimens of this kind would be, and have been, determined 
as belonging to the above-mentioned elephants of the middle Pleisto- 
cene, but in the lower Pleistocene they are merely the rare, extreme, 
variants of an intermediate, ancestral, form. The intermediate 
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no. 100. — ^Diagrams of grinding surfaces of molars of Elephas meridionalis (M), 
E. antiquus (A) and E. primigcnius (P), showing specialization in the course of 
the Pleistocene. 

specimens are far more frequent than the extremes, and the former, 
therefore, represent the average characters of the species of that 
phase. 

The earliest record of a trogontherii-like variant of the meridionalis- 
stock is from Italy and presumed to come from the Villafranchian. 
The earliest specimens of the antiquns-tYpe appear at the time of the 
Early Glaciation in England. 

In the course of the lower Pleistocene a degree of ecological dif- 
ferentiation becomes apparent. In the Forest Bed (Antepenultimate 
Interglacial) the relative frequency of the variants still agrees with 
the normal variation curve, intermediate specimens being the most 
frequent. In Mosbach (late in the same Interglacial) irogontherii~ 
like specimens dominate, and antiquus-Yke specimens are rare. In 
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Maucr, however, whose fauna is one of woodlands (Interstadial of 
Antepenultimate Glaciation), only cn/ijtiuj-likc specimens have been 
found. Again, in Sassenbom (probablj' second cold phase of Ante- 
penultimate Glaciation) trogontherii-Wke molars only have been 
recovered.* 

In the middle Pleistocene, the two lineages appear more clearly 
separated, and intermediate specimens vanish from central Europe, 
though they linger on in southern France. In E. irogoniherii, the 
lamellae of the molars continue to become more numerous and 
narrower in cross-section, and in deposits of the Penultimate Glacia- 
tion specimens occur which are reminiscent of the mammoth, 
E. primi genius, of the upper Pleistocene. It is diflicult to say when 
exactly the primigenius-stsgc was reached, but with the beginning 
of the upper Pleistocene (Last Interglacial) the frogontAerii-likc 
specimens disappear from the scene. 

E. primigentus continues to follow the described evolutionary 
trend throughout the upper Pleistocene, and the molars of the 
very latest specimens have extremely narrow, tightly packed and 
numerous lamellae. The species seems to have persisted up to the 
last phase of the Last Glaciation, which means that there were 
mammoths still li\'ing in central Europe only about 18,000 years 
ago. As I have mentioned elsewhere (Zeuner, 1935), molars of the 
latest evolutionary type were dredged from the Oder near Breslau 
and show an alluvial kind of preservation, so that E. primigentus 
possibly lasted even into the earliest Postglacial. The bodies of 
mammoths found frozen in ice in northern Siberia also exhibit 
advanced characters and therefore may date from the earliest Post- 
glacial (rough estimate, 15,000 years ago). 

The upper Pleistocene mammoth was a very distinctive species 
of elephant, with many peculiar characters, especially in the shape 
of the skull, dentition, loss of a toe, and coat of hair (pi. XXIV 
fig. A). Taxonomically it was a clearly-defined species. 

The lineage of E. aniiguus Falc. (pi. XXIII, fig. B) developed 
the rhomboidal shape of the lamellae. Their number also increased, 
but more moderately than in the primigcnius-lincagc. This is in 
accord with the ecology of the species, E. antiguus remaining associ- 
ated with woodlands and parldands, whilst E. primigenitis became 
adapted to the specialized ensdronment and the harder food of the 
open steppe and tundra. 

E. aniiquus does not appear to have survived into the Last 
Glaciation.^ It still occurred in Eliringsdorf, late in the Last Inter- 


t In tlie upper Pleistocene, the ecological divergence of the two lineages is 
very pronounced, E. primigenitis, the descendant of E. Irogont/ierii, being found 
cliicny associated with steppe faunas of the loess steppe or tundra during the 
cold phases, E. aniiguus with woodland faunas, mostly of the interglacial tj^pe. 
* Except in the Mediterranean region. 
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glacial. Dietrich says that the teeth of E. antiquus from the Kixdorf 
horizon (one of the interstadials of the Last Glaciation) are probably 
derived from an earlier interglacial. 

In short, the upper Pliocene E. meridionalis, an unspecialized 
species vrhich occurred in a variety of habitats ranging from wood- 
lands to bush-steppe or savannah, developed in the course of the 
Pleistocene into two different species, one adapted to woodlands 
and a temperate or warm climate (E. antiquus), and the other to open 
steppe and tundra, harder food and a colder and more continental 
climate. This divergent evolution became apparent soon after the 
first cold phases of the Pleistocene had occmred, i.e. during the 
Antepenultimate Interglacial. At that time, however, the vast 
majority of specimens were still of an intermediate character {E, meri- 
dionalis nesii Pohl.). 

During the Antepenultimate Glaciation, the differences became 
more marked ; though intermediate specimens still occurred. In 
the number of specimens, two frequency-maxima had developed, 
one with Irogont/imf-characters and another with anffguu^-characters. 
At the same time, the irogontherii-typt is observed to occur more 
frequently in steppe or glacial habitats, and the aniiquus-type in 
woodland, interglacial or interstadial habitats, though not yet 
exclusively so. 

By the end of the middle Pleistocene and the beginning of 
the Last Interglacial, the intermediate forms had disappeared nearly 
everywhere, and two morphologically and ecologically distinct species 
had emerged. Since the environment favoured by E. primigenius 
spread periodically over central and west Emope during the glacial 
phases, whilst that of E. antiquus reigned dming the temperate 
inter-phases, the two species alternate stratigraphically in the later 
Pleistocene successions of central and west Europe, E. primigenius 
probably withdrawing to the north-east in the mild phases, E. anti- 
quus to the south in the cold phases. 'V'lTiere their environments 
met or overlapped, their remains are found associated in one deposit, 
though as distinct species. Intermediate specimens are absent from 
the upper Pleistocene. 

Considering this instance of divergent evolution, one is inclined 
to link causally the process of species-formation with the climatic 
fluctuations of the Pleistocene. The time required for the evolution 
of two species from their common ancestor was, in this case, about 
500,000 years, counting from the first evidence of incipient divergenee 
in the Villafranchian to the clear establishment of two imconnected 
species in the Last Interglacial. 

Instances of suggested differentiation of species during the Pleisto- 
cene. The instance of the Pleistocene elephants has been described 
in some detail, since it is so far the case of species-evolution most 
completely supported by direct evidence. There is, however, plenty 
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of c\'idcnce tliat many other species, at any rate in Europe, have 
developed in the course of tlic Pleistocene and most probably in 
connexion with tlic climatic fluctuations and repeated displacements 
of tlie main environmental zones (see 2^uner, 1945«, p. 270), Many 
authors have inferred from the present geographical distribution 
that, for instance, the area of certain ancestral species was split 
into two or more ‘ refuge ’ areas by the ice-sheets of tlie glaeial 
phases, and this is indeed likely to have happened since, in the 
narrow unglaciated strip between the Scandinavian and Alpine 
ice-sheets, a severe periglacial climate prevailed which was probably 
unsuitable for many species requiring temperate conditions. This 
repeated cutting of a continuous area into an eastern (or south- 
eastern) and a western (or south-western) refuge area may have 
produced eastern and western subspecies or species, which would 
now meet or overlap in central Europe. 

Carrion Croxo and Hooded Croto. A good example is that of 
the carrion crow (Corous corone L.) of western Europe and the 
hooded crow {Corvus cornix L.) of northern, cast and soutli Europe 
including Italy (Sfeise, 1928). Except in winter, when the hooded 
crow tends to go westwards, the overlap is confined to a narrow 
line from Jutland south to the Alps and thence along the Alps 
to their western end ; Italy, Corsica and Sardinia belonging to the 
area of the liooded crow. The extreme narrowness of the zone 
of frequent overlap suggests that hybrids arc not infinitely fertile, 
so that the two forms must be regarded as species. Both have 
already begun to develop geographical subspecies in their respective 
areas. 

The tettigoniid grasshoppers Plaiyclcis grisca and occidcntalis. An 
almost identical case is that of the tettigoniid grasshoppers Plaiyclcis 
occidenialis Znr. and P. grisca Fab. (Zeuner, 1931a, 1941a), which 
overlap in precisely the same manner as Cormis corone and C, cornix. 
In both instances the affinity of the two species to one another is 
closer than to other species of the same genus, and this in conjunc- 
tion with the geographical distribution renders it highly probable 
that they evolved as geographical forms of some ancestral species. 

The theory of geographical differentiation of subspecies in con- 
sequence of the climatic fluctuations of the Pleistocene has in recent 
years been widely applied, as for instance by Rensch (1929), Reinig 
(1937), who studied birds and insects, and Eller (1936) who recon- 
structed the history of the races of the swallowtail butterfly, 
Papilio machaon L. It is incorporated in the recent sjTithcses of 
evolution by Huxley (1942), and Mayr (1948). 

Examples of this kind show that a certain number of species 
are likely to have arisen from ancestral forms during the Pleistocene, 
i.e. within 600,000 years. But quite apart from this circumstantial 
evidence, direct palaeontological evidence, of which some instances 
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have been given above, proves beyond doubt that species did arise 
within this space of time. No instance, however, is yet known of a 
species developing at a faster rate than that found in the elephants 
(about 500,000 years), and a comparison of this rate with those 
observed in the evolution of subspecies suggests that species rarely, 
if ever, have developed at a much faster rate than that of the Pleisto- 
cene dephants. A certain minimum time appears to be required 
for a lineage to advance from species to species. 

Bate of evohition since the Tertiary. Pliocene Mammalia. In 
order to obtain some idea of the rate of species-formation previous 
to the Pleistocene, it will be useful first to consider some mammalian 
faunas of the uppermost Pliocene. 

The fauna of the upper Val d’Arno in Tuscany (Major, 1884 ; 
Zeuner, 1945a, p. 257) contains Elephas meridionalis and is, on the 
whole, only slightly more primitive than the fauna of the Forest 
Bed. It is considered as Villafranchian, dating from somewhere 
between 600,000 and one million years. The Val d’Arno fauna is 
probably just earlier than the Early Glaciation and therefore nearer 
the 600,000 mark. It contains no Recent species, except possibly 
the Hippopotamus, which occurs with what may be a distinct sub- 
species, H. amphibius major Cuv. 

Other Villafranchian deposits contemporary with the Val d’Arno, 
such as Seneze (Stelilin, 1923), in France, contain no species or 
subspecies that have persisted unaltered up to the present day. 
As far as evidence goes, the mammalia of Europe have all changed 
their specific characters since the Villafranchian, or within the last 
one million years. 

Bate of evolution of terrestrial forms. From the examples dis- 
cussed in the preceding paragraphs, taken from groups as widely 
different as mammals and insects, it would appear that the rate of 
species formation in these terrestrial groups lies between 500,000 
and one million years, and that very few species have existed 
unaltered for more than one million years. 

Marine evolution . Mollusca. It may be argued at this point that 
terrestrial groups are liable to evolve at a faster rate than marine 
groups, since the latter live under more equable conditions and are 
less affected by frequent climatic fluctuations. If one calculates, 
for faunas of marine mollusca of lower Pleistocene and late Pliocene 
age, the percentage of forms which the authors have been unable 
to distinguish specifically or subspecifically from Recent species, 
one finds that the average rate of evolution was indeed much slower 
in the marine mollusca than in the mammalia. This is borne out 
by the table on page 882. 

There is reason to believe that the Red Crag is contemporary 
with the Early Glaciation (see p. 183). The Coralhne Crag is slightly 
older and, therefore, approximately contemporary with the mam- 
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coy. 

cs% 


• Newton, in Reid, 1890; Ilarmcr, 1902; Boswell, 1028, 1931 ; Zeuncr, 1937. 


malian fauna of the upper Val d’Arno (Pilgrim, 1944, p. 3G). Yet 
while C0-C7 per cent, of the marine species and subspecies survived 
to the present day, the known mammalia all underwent changes in 
the same space of time. 

An even higher figure for surw'als is found in the contemporarj* 
deposits of the Jleditcrranean Sea. The Calabrian phase of the 
Mediterranean is approximately contemporaneous witli the Corral- 
line Crag of south-east England and also with terrestrial deposits of 
Italy called Villafranchian (including the Val d’Arno fauna). On 
the basis of Gignoux’s thorough work on the marine Pliocene and 
Pleistocene of Italy one finds that not less than 89 per cent, of the 
species and subspecies of the upper Calabrian Mollusca have survived 
to the present day. For the lower Pliocene (Astian Plaisancian), 
the corresponding figure is 63 per cent. 

Injlucnce of environment on evolution. A comparison of these 
figures ■with those found for the English Crags suggests onec more 
that the intensity of en'vironmental changes increases the number 
of changes in the specific composition of the fauna. The area of 
the North Sea in which the Crags were deposited, was shallow 
and its coastline unstable, and it is certain that severe climatic 
fluctuations occurred repeatedly, affecting temperature and salinity 
of the water. In the Mediterranean, however, the corresponding 
fluctuations were much less intense. 

Changes in the specific composition of a fauna arc due both 
to extinction of certain forms and to the appearance of new ones. 
The latter class lias again to be subdiidded into immigrants and forms 
newly evolved on the spot. For ob'vious reasons it is difficult to 
sort out these groups in marine moUusca, and one cannot decide, 
therefore, whether the intensity of cnwonmental changes is capable 
of speeding up the rate of evolution in any particular lineage. Line- 
ages of terrestrial animals suggest that it is so, but this point cannot 
be cleared up by considering the average constitution of faunas. It 
necessitates a detailed study of lineages. Yet, it is conceivable 
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that species with a fast rate of evolution have an advantage over 
slowly-evolving forms when environmental conditions change fre- 
quently and considerably, so that the former are likely to prevail in 
the end and the latter liable to become extinct. 

Stabilized species. The one fact that emerges with certainty 
from these comparisons of faunas is, that, in marine faunas, a large 
number of species and subspecies are stable, since they have not 
noticeably modified their characters since the late Tertiary. It is 
interesting, therefore, to see how long species can remain stable, or 
how far Recent species can be traced back in geological history. 

Miocene of Java. Oldest Recent species. A suitable group of 
deposits are the Tertiaries of Java, studied, among many others, 
by K. Martin and Umbgrove (1933). The following table, derived 
from Umbgrove, is based on Martin’s work : 


Percentage of Recent 
species in Javn 

I/>cat divisions 

European equivalents 

100% 


Holocene 

90% ) 

80% J 


Pleistocene 

70% ] 



00% ^ 

Tertiary h 

Pliocene 

50% J 


40% 

Tertiary g 


30% -1 



20% ^ 

Tertiary f 

Miocene 

10% J 


0% 

Tertiary e 



Palaeogene 


This table was built up on a fair number of localities, of which 
the most interesting in the present context is West Prongo, of 
lower Miocene age. It still contains 6-8 per cent, of Recent species. 
In earlier deposits, of upper Eocene and possibly Oligocene age, 
however, no Recent species have been found. On the radioactivity 
scale, the Miocene began about 80 million years ago, and this period 
of time may be regarded as the maximum period through which 
any species of the animal kingdom is knomn to have persisted without 
noticeable morphological modifications.^ 

A species, which has persisted from the lower Miocene to the 
present day without noticeable changes in its characters, must have 
a time-rate of evolution of astonishing slowness. It is extremely 
unlikely, however, that the change within its lineage was equally 

* Tlicrc is, of TOursc, a possibility that very rarely a species persists through 
M even longer time. This applies perhaps to the brachiopod genus Lingula 
(see table, p. 858, row 12), but because of the scarcity of taxonomic characters 
m the shell this is difllcult to prove. Lingula is discussed at some length in 
Davies (ID37, p. 170). For diatoms, see Small (1948). 
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slow in tlie more distant past since, if one assumes tliat it was so, 
some Tertiarj' molluscan genera would have existed as early ns in 
the Palaeozoic, and this is plainly contradicted by the evidence.’ 
At some time in the historj' of tlic lineage, the rate of evolution 
must have been faster. Later on, the diameters became stabilized 
and the species continued to exist unaltered through many millions 
of years. 


D. THE TISIE-FACTOR IX EVOLUTION 

In the two preceding parts of this diapter an attempt has been 
made to derive time-rates for certain evolutionary processes from 
the combination of palaeontological with geoclironological evidence. 
This evidence is not yet complete enough to permit any far-reaching 
conclusions. For lack of eddence, the time-factor in evolution has 
been somewhat neglected in the past,- but both Simpson (1944) and 
Small (1945-8) have recently tackled the problem of time-rates 
independently of each other and of the work of the witcr. They 
use, however, different methods of presentation. (Note (58), p. 430.) 

In order to point out the possibilities for future work afforded 
by the application of geochronology to evolution, the chief results 
of the foregoing pages, and the suggestions which may be based on 
them, are best summarized as follows. 

Maximum rate of spedes-evohttion, (1) There appears to he a 
fastest rate of evolution of species of the animal kingdom under natural 
conditions, namely about 500,000 years per species-step. 

Evidence shows that subspecific characters have appeared within 
a few thousand years. In other instances, forms liave not passed 
the stage of subspecific differentiation after a few hundred thousand 
years. The fastest time-rate of species-evolution yet known is about 
500,000 years. 

Since many Recent species are able to interbreed, although the 
resulting offspring is usually sterile or of reduced fertility, one is 
inclined to think that several hundred thousand years have to 
pass before the change in chromosome-structure of a form assumes 
the proportions commonly found in related species. This period 
is rather longer than that available for genetic experiments on 
species-formation. 

Number of generations and time. (2) In evolution the number of 
generations appears to he less significant than absolute time. 

One might argue that, for the reason given in the last paragraph, 
it will be advantageous to study groups in which the generations 

’ Fleurotomaria Defr., said to have persisted possibly since the Cambrian, 
probably since the Ordoweian, may be regarded as an exception. But tVenr, 
in lus recent revision of the Pleurotomariidae (1038), restricts the genus to forms 
from the Triassic to Recent. 

• Notable exceptions arc Haldane (for instance, 1032, p. 144 ff.), and Huxley 
(1042). 
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follow one another very rapidly. It appears, however, that in nature 
the number of generations is not the only factor ruling the rate of 
change, and that absolute time enters the picture to some extent. 
In other words, the evolutionary step per generation may be propor- 
tionally greater in a form with a slow succession of generations than 
in a form with a rapid succession of generations. 

At first sight this statement looks startling but, as I pointed out 
more than ten years ago (Zeuner, 1931&), evolution would on the 
whole proceed more rapidly for instance in certain Protozoa, Crus- 
tacea like Daphnia or Cyclops, aphids, or mice, than, for instance, 
in certain cicadas and wood-boring beetles (adult after 3 to 40 years 
of larval life), or elephants, if the rate of evolution in fact depended 
in the first instance on the number of generations. There is appar- 
ently no directly proportional relation between the rate of succession 
of generations and the rate of evolution, and genetic experiments 
based on this assumption may be based on a serious misconception. 
It is perhaps worth mentioning that a species of the genus Drosophila 
existed in the upper Eocene, about 45 to 50 million years ago. 

Since these views were first expressed by the writer, confirmation 
has been provided by breeding experiments with bacteria. Novick 
and Szilard (1950, 1951) have shown that mutations in bacteria occur 
at a constant rate which is not related to the number of generations. 
Further work by Labium (1953) and by Lee (1953) supports the 
conclusions of the earlier experiments. 

It would indeed be difficult for a species with a rapid succession 
of generations to maintain its specific characters for any length of 
time if the rate of evolution depended on the number of generations. 
Short-timed climatic cycles of a few hundred years, duration or, 
in exceptional cases like that of certain Protozoa which can produce 
generations every few hours, the sunspot cycle or even exceptional 
weather would cause a change in the characters of the species. 

Specics-evoltdion beginning with a phase of great variability. 
(8) Every species passes through an episode of rapid evolution but 
may become stabilized thereafter and persist unaltered for a long time. 

The observation that species have survived apparently unaltered 
for some 30 million years, whilst other species have evolved within 
half to one million years, strongly suggests that species pass through 
an initial phase of rapid evolution after which their characters become 
comparatively stable. Since the instances of rapid evolution of 
species were all taken from the Pleistocene (for lack of suitable 
material from earlier periods), it is difficult to offer conclusive 
proof of this contention. But indirect evidence is not entirely 
wanting. 

An example is afforded by the Pleistocene elephants, particularly 
the mammoth, Elephas primigenius, which in its final stages had a 
very restricted range of variation in the lamellar structure of its 
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molars, compared •with the 'aide range of variation observed in 
E. nwridiotialis ncsii of the lower Pleistocene. 

For stretches of time longer than the Pleistocene, the same process 
of the reduetion of the variability of spceific characters is suggested 
by the different degree of consolidation found in the species of 
young and old genera. Recent genera in which plenty of variation, 
individual or subspecific, is observed and in which the separation 
of the species is often difficult, are the following ; 

Eqtius (horses), existing since the upper Pliocene 

Bos (cattle), „ „ „ upper Pliocene 

Mils (mice), ,, „ „ Pliocene 

Arvicola (voles), „ ,, „ lower Pleistocene 

Canis (dogs nnd wolves), ,, „ „ upper Pliocene 


None of these has been found in deposits older than the Pliocene. 

On the other hand, the following Recent genera in which the 
species show little subspecific variation nnd in which the species 
(if more than one) are widely separated by constant differences, 
are known from earlier deposits : 


Tapina (tapirs), existing since the upper Miocene 

DiccTOThinus (Sumatran Rhinot, ,, „ ,, lower Miocene 

Diceros (Black Rhino), „ „ „ lower Pliocene 

CapreoUu (roc deer), „ ,, „ lower Pliocene 

Ilystrix (porcupine), „ „ ,, Oligoccnc 


Instances of this kind tend to show that there is some justification 
in assuming that the species pass tlirough an episode of intensified 
evolution while they are young, when their characters still have 
a greater range of variation. It appears that more subspecies are 
evolved by young species than by old ones. 

(4) Every higher category also passes through an episode of intense 
evolution, which lasts for something like 50 million years. 

This is the outcome of Part B (p. 859). It makes the process of 
evolution, -viewed from the standpoint of time, appear somewhat 
‘ jerky ’. Some authors go further and call it discontinuous (Schindc- 
wolf, 1980, p. 85). The existence of an apparent minimum required 
for the formation of a new species, however, sets a limit to the 
suddenness of this process. 

Limitations of explosive evolution. Now, this combination of our 
points (8) and (4) leads to an interesting conclusion. If genera 
pass tlirough a period of abundant species-formation, lasting c. 50 mil- 
lion years, and if each species needs about one-half to one million 
years to evolve, the number of successive species-steps in a lineage 
is limited to something of the order of 100 during the explosive 
episode of the genus, after which the rate slows down. 

In spite of the vagueness of the figures here used it appears to 
me, therefore, that explosive evolution does not imply unlimited 
production of new forms, the number of species-steps in every 
affected lineage being limited to a comparatively small number. 
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Fxirthermore, the number of species-steps involved in the evolu- 
tion of higher systematic categories is not larger than that involved 
in the evolution of lower categories. 

Chronological aspect of evolution : quality, not quantity, is important. 
Clearly, if this picture deduced from chronology be true, the widely- 
current conception that evolution proceeds evenly by means of 
innumerable steps, which is held by many geneticists as well as 
palaeontologists, cannot be strictly true. If it can be verified by 
other evidence that there are periods of a limited duration during 
which a^tock evolves many diverse lineages at a rapid rate, the 
number of species-steps in each surviving lineage nevertheless re- 
maining comparatively small, the conclusion is inevitable that the 
quality of the species-steps during the period of explosive evolution 
differs from those of the period of ordinary, non-explosive evolution.^ 

This view is supported by the results of two quite independent 
lines of research, namely by morphology, and by genetics. 

Aromorplis. Sewertzoff (1931) who studied numerous lines of 
evolution, particularly of vertebrates, from the phylogenetic stand- 
point, came to the conclusion that it is necessary to distinguish 
evolutionary changes which result in an ‘ increase of the energy ’, 
or ‘ life-activity ’, of the form from ordinary changes which do not 
do so. The change in organization involved in the former case 
was called by him aromorphosis, hence it is convenient to call the 
resulting character an aromorph. 

A few examples will make the difference clear. 

Jaxos of vertebrates. One of the most important aromorphoses 
in the evolution of the Vertebrata was the conversion of one or 
several gill arches into the biting apparatus of the jaws (figs. 101-8 ; 
see Sewertzoff, 1931, or Homer, 1933). The most primitive fishes 
are jaw-less (Agnatha, extinct except for the modern lampreys and 
hag-fishes) and, therefore, restricted in the selection of their food. 
The appearance of jaws marked the beginning of the gnathostomous 
fishes ; it enabled them ‘ to choose the food most suitable to them 
and to adapt themselves comparatively easily to it. Selection of 
the most suitable food, however, means better nomishment and, 
therefore, an inerease in the general energy of life in these animals. 
The importance of a biting mouth-skeleton as weapon both offen- 
sive and defensive is obvious also.’ (Translated from Sewertzoff, 
1931, p. 75.) 

If one compares this example of an aromorph with the evolution, 
for instance, of a highly specialized protective character, such as 
the leaf-shape of a leaf-insect (pi. XXII, fig. A), one realizes the dif- 
ference between an aromorph and an ordinary adaptational character. 
The latter may be Iiighly adapted to a certain manner of life, and 

_ ' These two periods are called pre-adaptive phase and adaptive phase resnec- 
tively by Selundewolf (1930, p. 84). ^ ^ t- 
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be verj' useful, but it docs not contribute to increasing the lifc- 
cnergj' of the form. The aromorph, however, does so. 

If one applies this conception to various classes, orders or ruinilics, 
one finds tliat very often there is one aromorph, or Severn!, at the 
root of tlie line. Thus, there is the fold in the b.-ick of the throat 
of certain fishes, which was used for retaining air taken in by the 
mouth and wliich eventually became the lung of the amphibia and 
higher vertebrates (Romcr, 1933, p. 70), There arc the molar tcctli 
of the mammalia which arc used for masticating food, Tliis mode 
of eomminution of food before it reaches the digestive tract helps 
in extracting more energy ; it increases the life-energy of the animal. 
Warm-bloodcdness and many other characters of the mammals arc 
probably the consequence of a single important aromorph. The 
evolution of man also may be regarded ns characterized by nn 
aromorph, namely, erect posture (Note (59), p. 480). 

These qualitative differences between aromorplis and ordinary 
adaptational characters appear to me to be one reason why evolution 
sometimes leads to the emergence of a new major group, and some- 
times not (see also Note (CO), p. 431). The time required for the 
evolution of an aromorph is, as has been shown in the earlier para- 
graphs of this chapter, not greater than that required for ordinary 
adaptations. 

Total number of species. Simpson (1952) tried to estimate the 
total number of species that have lived since the beginning of life, 
the mean figure being of the order of 850 million. Caillcux (1954/7, b) 
holds that the number present at any time increased according to a 
geometrical progression. This is a conclusion that may be drami 
from the time-rate studies exposed in this chapter. K it is adopted 
as approximately correct, life would have begun about l-7-l'8 
thousand million years ago, on the basis of Cailleux’s calculation. 
This is probably not enough, though of course it is unknown what 
Corycium and the organic matter in pre-Cambrian shales were which 
Rankama dated at 2-5 thousand million years (see p. SCO). Perhaps 
they were plants, not animals. Supposed algal structures of an age 
of about 2,700 million years are described by Maegregor (1951, see 
Ch. XI) and dated by Holmes (1954). 

The concept of geometrical progression leads Caillcux to a rather 
smaller estimate than Simpson, namely about 150 million species. 

Conclusion. Inheritabilily of acquired characters and time. The 
attempt to consider organic ev’olution from a chronological point 
of view cannot be more than tentative. The reader may, and 
probably will, regard some of the views as highly conjectural, but 
it is open to him to test them with the material which he has at hand. 
In any case he will admit that with the establishment of geocluono- 
logical time-scales a new element has entered into the study of evolu- 
tion and that, as these time-scales are improved, they are bound 
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to become increasingly valuable as measures of the actual rates 
of evolution. 

The time rates of evolution, measured in years, are bound to 
play an important part in solving the old problem ivhether the 
mechanism studied by genetics, viz. chance-mutation and natural 
selection, is sufficient to explain evolution as a whole, or whether 
there are, in addition, other processes which in the comrse of long 
periods of time render inheritable properties acquired during the 
lives of numerous successive generations in response to environment 
or habit (Note (61), p. 431). This alternative has been admitted 
as a possibility by some eminent Dar%vinists and geneticists, like 
Weismann (see Eimer, 1890, p. 174), Haldane (1929, p, 81) and 
Waddington (1939). It is the opinion of several morphologists and 
anatomists, like Eimer in the past (1890, p. 807), and Wood Jones 
more recently (1943, p. 99). In common with most palaeonto- 
logists, all these authorities agree that, if or when acquired char- 
acters become incorporated in the heritage of a species, it must 
be a matter of periods of time too long to be susceptible of experi- 
mental verification. For this reason alone it is well worth while 
to elaborate lineages from fossil evidence and to date the changes 
observed by means of geochronological time-scales. Evidence at 
present available already suggests that the periods required for 
changes in specific characters are normally beyond the reach of 
experiment. 

I am confident that, ultimately, absolute chronology will attain 
the same significance in evolutionary research as dates and calendars 
now have in the study of human history. This, at any rate, is a 
goal worth working for. 
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PaHT I. DENDKOCnnONOI-OGY 

Note (1) (p. C). Immlion of tree-ring analysis. — ^Trcc*ring nntilj-sis 
was first tliouglit of bj* Linnd, but suggested ns n nicUiod by Clinrlcs 
Babbage in 1837. He was the svriter of tlie ‘ Ninth Bridgewater 
Treatise ' and a man of wide knowledge and remarkable ideas. In bis 
work on natural philosophy, pp. 220-34, be gave a lucid summary of the 
method of distinguishing exceptional rings from ordinary ones, and also 
of the method of cross-dating. He said, * the application of these views 
to nseertaining the age of submerged forests, or to that of peat mosses, 
may possibly connect them ultimately with the chronologj' of man ’. 
Indeed a remarkable case of vision in science. 

Note ( 2 ) (p. 11 ). The development of dendrochronology in Europe . — 
Wien Chapter I was first -written very little work on tree-rings had 
been done in Europe. The situation has since changed notably, because 
forcstiy institutions have taken an interest in this work, TIjc most 
important school is that of Professor B. Huber in Munich. 

Huber emphasizes that dcndrochronologj’ encounters greater 
difficulties in Central Europe than in the south-western United States, 
because temperature and humidity effects on the rings interfere in 
such a way that they arc difficult to disentangle. In Scandinavia, 
however, and in high mountains a positive correlation with summer 
temperatures has been observed by Erlnndsson and Arlmann. Mullet- 
Stoll investigated the amount of correlation of ring widths in trees of 
different species growing in the same locality ns well as of the same 
species growing in different areas. For these studies recent trees with 
kno-wn felling dates were used. The result was ns surprising ns it is 
encouraging : it -was found that the resemblance of tiie plots in one 
species decreases less rapidly even over distances of up to 1,000 miles 
(from the IVcstcrn Carpathians to the Vosges) than it docs among trees 
of different species in the same locality. This work was carried out on 
Fir {Abies), Spruce (Picca) and Beech, which, therefore, arc considered 
as suitable for dating purposes over the whole area of Central Europe. 
According to Wcllenhofer’s investigations, however, oak is less suitable, 
since trees growing in hilly countries tend to produce narrow rings in 
■«'nrm and dry years, -whilst in trees growing on river floodplains with 
permanent access to -tvatcr the reverse is the case. The investigation of 
oak is complicated by the difficulty of distinguishing the woods of the 
two common species {Quercus rohur L. and Q. pctraca (Malt.) Licblcin, 
kno-\vn commonly as Q. pcdunculata Ehrh. and Q. sessiliflora Saiisb. 
respectively). 

Huber and his school plot the actual width of rings on logarithmic 
ordinates, using abscissae for 5 'cars as usual. In this way he intends to 
eliminate the laborious calculation of growth-rate allowances. He 
assesses the resemblance of plots by a figure called Gegenl&ufigkeitsprozent, 
which is not easily translated. It is perhaps best expressed by a simple 
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term like ‘ disagreement percentage It is the same -which the present 
author has used for var\'es and tree-rings previously, except that it is 
expressed in a simpler and more practical way. In two plots which are 
supposed to match, the number of cases is counted in which the curve 
shows the same tendency from one year to the next, i.e. of rising or falling 
and the number of years in which the tendency is opposed. The number 
of the latter (GegenlaufigJceiten) is expressed as a percentage of the total 
of rings considered. It is evident that a figure near 50 per cent, means 
that there are about as many instances of agreement as disagreement, 
in other words the curves do not resemble each other. Huber undertook 
a large-scale search for chance resemblances in the curves available 
to him and came to the conclusion that in plots covering at least 50 
successive years, chance resemblances are unlikely to occur, provided 
that the disagreement percentage does not exceed 30 per cent. As an 
illustration, it may be mentioned that the disagreement percentage of 
two spruces from the same locality (years 1897—1947) is 18 per cent. 
The method has been refined by the introduction of classes comprising 
the more or less conspicuous changes in ring width, as explained in 
Huber’s paper (1948, p. 153). The -work so far done aims at the establish- 
ment of a sound chronology based on several species of trees and securely 
linked with the calendar by felling dates. Thus, Brehme established a 
chronology of the larch trees of the Berchtesgaden area in the Bavarian 
Alps which extends back to a.d. 1300. It has enabled him to date the 
beams contained in numerous abandoned mountain barns. Wellenhofer 
and Jazewitsch have established a continuous ring-record for oaks from 
the Spessart Mountains in western Germany which covers 500 years and 
the latter author has recently succeeded in extending it to a.d. 1391 
with the aid of oak beams from the church of Ziegenhain near Kassel. 
Oak beams from medieval buildings in Franconia are being investigated 
and Huber hopes thus to extend his oak cluronology to about a.d. 1000. 
There is an unconnected chronology of oak, dated at about a.d. 1000 on 
historical evidence, from Vineta on the Island of Wollin at the mouth 
of the Oder which was studied by Holdheide. 

A much earlier unconnected series comes from the Bronze Age 
waterfort of Buchau in the Federsee. It covers about 120 years of 
pine-rings and it could be shown that the two palisades were erected in a 
single period of short duration (Huber and Holdheide, 1942), much as 
Ording (1941) succeeded in proving for the Nonvegian site of Rakne- 
haugen. In addition the outer palisade of Buchau turned out to be 
synchronous with a lake dwelling at Untcruhldingen, Lake Constance. 
An interesting result of these studies on Bronze Age tree-rings is that 
the fluctuations of ring widths are more pronounced than in recent 
woods. It appears to indicate a more changeable climate, although 
it is for the time being impossible to say to which climatic factor this 
is due. 

In England, Lowther has undertaken to study the ring sequences of 
Roman timber. On this work a preliminary report only is available 
(1949), according to which about 20 overlapping plots have been obtained 
covering the period ICO b.c.-a.d. 250 approximately. A second series 
of plots is based on Medieval and Saxon timber of a.d. 850-1500. The 
wood used is oak. The method employed by Lo-wther is, however, that 
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of Antcvs, in vrliich the curv-es nre twice fsmoolhed before tiic malcliinj; 
is carried out. It lias been mentioned already tliat serious objections 
can be raised against tins practice, and it is to be liopcd tlml Lowthcr 
will publish the unsmoolhed plots in the near future. Acconling to 
Schovc (1935) droughts of the Dark Ages arc expressed in British timlicr. 
Tree-ring studies were carried out in recent years by Eidcni (1933) and 
Hoeg (1930) in Nonvay, Mikola (1930) in Finland, Giddings (1954) in 
Alaska and Schulman (1947) in southern California. 

The csadcnce for tree-rings and the presence or absence of seasons in 
the Mesozoic and Palaeozoic eras has been studied by .\ntcvs (1953). 

Note (3) (p. 11). j\Ielhods of evaluation . — Wiilst Huber is content 
with a simple calculation of the percentage of disagreement, Gladwin 
(1040) calculates a percentage of agreement which embodies certain 
useful corrections. Like the majority of other workers, he measures the 
widths in tenths of millimetres. The departures from the mean value 
of a long series of rings of the same tree arc plotted on graph paper for 
convenience. Agreement and disagreement arc defined as by Huber 
and Zeuncr, by the direction of cliange from one year to the next. If 
the trend is the same, it is a ease of agreement, if opposite, disagreement. 
If one tree shows two successive rings of equal width, the ease is regarded 
ns a ‘ neutral ’ one. The eases of agreement and of disagreement arc 
each weighed, the positive or negative correlation being regarded ns only 
as strong as the lower of the two values compared. For instance, if 
one value is 0'2, the other 0-7, the agreement is regarded ns 0-2 strong. 
Finally, if the ring departs bj' more than 1 mm. from the nvcmgc, the 
excess above 1-0 is ignored foi reasons given in Gladwin’s paper. 

Gladwin’s method is more accurate than those of other authors, 
though for ordinary work Huber’s simpler method appears to be 
suflicient. It would, however, be worth while for the purpose of com- 
parison to try out both methods on the same material. 

Note (4) (p. 15). Teleconnexion . — But if one counts the cases of 
agreement and disagreement of the annual changes shown by the two 
tree-curves (see fig. 5), one finds 81 cases of agreement and 34 of dis- 
agreement. The disagreement percentage is 52 per cent. ; in other 
words, the curves do tiot resemble each other. It should be noted, 
however, that the pine curve from Ilaknchaugen agrees somewhat better 
with the vaived-clay cun'c from Sweden. The probabilitj' of this 
agreement being due to chance is about I in 20. Although E. H. de 
Geer’s attempts to introduce dcndrochronologj’ into Scandinavia nre 
to be welcomed, one cannot help feeling sceptical with regard to the 
applicabilit 3 ’ of the Californian Sequoia-curve to Europe’s tree-growth. 
It is essential first to build up a regional European tree-ring chronology 
from historic and prehistoric beams and other remains of wood, on the 
lines adopted by Douglass and his collaborators in Arizona, or more 
particularly to extend Huber’s methods to other parts of Europe, before 
the question of likeness of curves from different continents is raised. 

Part II. Varve Analysis, Postglacial CnnoNOLOcv 

A’ofc (5) (p. 29). The zero varve and the successive drainage phases 
in Jumtland have been published by Ebba Hult de Geer (1053). 

In an account of the vars'c measurements made in Sweden up to 1954 
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she states that the salt water influx of — 1073 was followed by a greater 
one in — 978, so that the precise chronology based on the zero varve may 
be more complicated than is generally assumed. 

Note (6) (p. 53). The Postglacial evolution of the Baltic Sea has 
recently been re-assessed by Sauramo (1054) and correlated with the 
history of the forest as shown in fig. 104. 

According to liim the Ancylus Lake stage is one of the three great units 
in the Postglacial history of the Baltic. Following the Yoldia Sea with 
its open connexion with the ocean, the Ancylus stage is generally believed 
to have been a fresh- water lake, since Ancylus and Limnaea occur in its 
deposits. It was their discovery by Munthe in 1910 that appeared to 
settle the question of the character of the Ancylus stage. Since that 
time, however, many doubts have been raised, especially because of the 
presence of diatom species indicative of a certain degree of salinity. 
Very naturally, attempts at explanation were centred around the height 
of the Baltic in the Ancylus stage above the level of the ocean of that time. 
The older view is that tlie level of the Ancylus Lake was higher than the 
ocean level and that the Svea river served as its outlet. Later authors, 
notably Stcn Florin, however, maintained that the Ancylus Baltic was 
a bay of the ocean, the water of which was almost fresh because of the 
narrowness of the Danish sounds. Even von Post, the protagonist of 
the Svea river, adopted Florin’s view later on, but other workers were 
not prepared to follow him. Matti Sauramo is, therefore, right in draw- 
ing attention to the puzzle of the Ancylus Lake. 

Sauramo undertook the reconstruction of the shore-line of the sup- 
posed Ancylus Lake in relation to some of the older and younger shore- 
lines and determined the effect that the differential uplifts of the land 
have had upon them. For this purpose he analysed in detail the sections 
observed in several Finnish localities where deposits of the Baltic Sea are 
associated nith peat sections. He came to the conclusion that the actual 
Ancylus stage of fresh-water conditions was of short duration, though 
nevertheless a reality. It was restricted to the upper third of the Boreal 
phase. The two lower tliirds (pollen zones Va and Vb, fig. 104) show 
evidence of salt-water conditions. This phase, formerly called Rhab- 
donema stage is now called Echineis stage. At the transition from pollen 
zone V to VI marine deposits reappear (Mastogloia) which are, in due 
course, followed by the Litorina phases. In southern Finland it thus 
becomes e\udent that a sudden sinking of the Ancylus Lake level must 
have been caused by a catastrophic event, which brought it down to 
ocean level. 

Sauramo then extended his studies to other areas, including the 
southern part of the Baltic. On the Isle of Gotland, off the east coast of 
Sweden, Munthe had established the positions of the Ancylus shore-line. 
Sauramo found that this is identical with the Finnish Echineis stage. He 
stresses that he does not wish to refute hlimthe’s idea of the lake- 
character of the Ancylus phase, but that the difference is due to the 
method adopted in Gotland which was one of measuring the height of the 
storm beaches. Those of the Echineis phase lie 2-3 m. higher than those 
of the Ancylus, so that the latter are plastered against them. It is, 
therefore, easy to understand that the highest and oldest wall was not 
destroyed and provided optimum conditions for measurement. 
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Fig. 104. — Forest historj', pollen zonntion, climntic plinses, prcliislorj", 
sea-level phases and displacement of the coast-line of the Finnish coast of 
the Baltic from 10,500 n.c. to the present. NBP : herbaceous pollen. 1 : 
alder (Alniis), 2 ; bircli {IJeliila}, 8 : spruce (Piceo cjrcelsn), 4 : pine (Pinus 
si/lvesiris), A : Ancylus staRC. B : B.altic Ice-lake. Y : Yoldia Sea. 
Ss : Snlpaussclkii moraines. Bip. : Bipartition of Scandinasdan ice. On tlie 
riglit and left tlie Finnisli vars'c time-scale is given in thousands of years n.c. 
and A.D. — After Sauramo, 10S4, 

Sauramo’s diagram (%. 104) relates the positions of the shore-lines in 
different parts of the Baltic, those of tlic Litorinn Sea being used ns 
reference lines. The Litorinn complex thus reproduces the amount of 
uplift from that time ontvards, tvhilst the older levels show the character 
of the deformation suffered by the older shore-lines. These are, there- 
fore, not straight and reveal the presence of two important hinge-lines 
which are called the outer and the inner. Their existence had been 
postulated by Sauramo some 15 years ago and has now been confirmed 
on the evidence of more ample material. They suggest that the hinge 
of the isostatic uplift did not remain in the same position but moved 
inward towards the centre of uplift in the course of time. The same 
phenomenon has recently been found by Lougee (Sci. Monthly, 76 (5), 
pp. 259-70) in North America. Further comparisons are made with the 
coast of the Arctic Ocean, western Sweden and the Danish-north-German 
area. In western Sweden it becomes evident that local crustal move- 
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ments may have played a part in the sudden termination of the Ancylus 
Lake. Since its eastern and northern Fennoscandia the Mastogloia 
stage is not represented by a transgression, wliilst in western Sweden 
this is the case, a sinking of the western Swedish bloek appears to be the 
cause of the phenomenon. Similarly, the south-west corner of the Baltic 
experienced a subsidence, well illustrated in the bays of Kiel and Liibeck. 
Here Tapfer found a transgression of the order of 14-41 m., •with marine 
gyttja overlying land- and fresh-water deposits of pollen zone V-VI. 
It is probable that this condition is somehow connected uith that 
observed in western Sweden. 

If one tries to understand these differential movements as a single 
large-scale phenomenon, one is struck by the chronological coincidence 
of sinking in the south-west and rising in the north. The rapid late Boreal 
rise of the centre of Fennoscandia is linked with a sudden sinking of the 
land in the south-west. In agreement ■with the theory of isostasy, it is 
reasonable to assume that this movement was caused by the disappear- 
ance of the weight of the Scandinavian ice and it is evident that com- 
pensatory horizontal displacement must have taken place at a great 
depth. Sauramo holds that tectonic movement was responsible for the 
sudden discharge of the Ancylus Lake, and not the eustatic rise of the 
ocean level, although such an eustatic rise was actually taking place at 
the time. 

This remarkable event in the history of the Baltic took place at the 
beginning of the Atlantic phase, about 5700 b.c. according to the Finnish 
time-scale. It must have been ivitnessed by Maglemose man. It is 
at least conceivable that the replacement of the Maglemose by the 
Ertebollc culture is connected with the considerable change in the coast- 
line at the beginning of the Atlantic period. 

The problem of the shifting of the hinge-lines of uplift in Fenno- 
scnndia was discussed by Sauramo in a separate paper (1955). 

Note (7) (p. 70). For Sirelorp, see Bagge and Kjdlmark’s monograph 
(1939), for Vra and correlatives, Becker (1948). 

Note (8) (p. 83). Florin (1048) claims to have found eustatic oscilla- 
tions which can be separated from the isostatic rise of Scandinavia and 
also dated by diatomacea and varves. Pollen-analytical sequences have 
been linked with the sequence of sea-level fluctuations and the Mesolithic 
and Neolithic industries fitted into the resulting chronology. 

He found ‘ undulations ’ of 1300 to 1400 j'ears which are unconnected 
with eustaiie oscillations of a duration of 1700-1800 years (l.c., p. 74). 
The first of these eustatic oscillations falls at the Maglemose, the second 
at the Ertebolle and part of the Trindyx period, and the third from the 
later Trindyx period to the Passage graves. It is perhaps significant 
that eustatic oscillations of a similar periodicity have been observed in 
England (see p. 90). 

The clnonological value of Florin’s work appears to be considerable. 
Another recent publication on the interference of eustatic and isostatic 
movements in Sweden is by von Post (1948). 

Note (9) (p. 89). Forest History of Germany. —’The valuable work 
which Franz Firbas has done in central Europe has now become available 
in the form of a comprehensive book (Firbas, 1949) discussing forest 
history', history of distribution of species, composition of forests, causes 
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of spreading of tree species and the relations between prchislorj- and 
forest development. 

Kote (10) (p. 33). The survey of North American chronology’ on 
pp. 33, 34 is by now largely of historic.al and methodical interest since 
radiocarbon measurements have proved that the gaps assumed by 
Antevs must have been very small. Radiocarbon dates have been 
obtained in quantity for the Mankato stage, which crosses Lakes Huron 
and Michigan, assigning to it only about 11,000 years. Flint (1035) is 
against the 19,000 years given to it by .Antevs (1053). 

A further number of samples have been taken from the Tarcwell and 
Carj’ stages of the IVisconsin Glaciation and radiocarbon-dated by Rubin 
and Sucss, and these suggest that the entire Wisconsin corresponds to 
Last Glaciation HI of the general terminology (fig. 103), According to 
Flint and Rubin (1955) a * major glaciation ’ affected the Great Lakes 
region between 25,000 and 18,000 B.P. It embraces the Cnrj’ and Tare- 
well sub-stages and in the pcriglacial zone is represented by the Famidnle 
Loess. 

An earlier glaciation is suggested by underlying peat, gyttja and wood 
of an age greater than 30,000 years. The duration of this oscillation has 
been estimated on the depth of leaching at Sidney, Ohio, ns possibly of 
the order of 10,000 years. Sec fig. 105. 

Note (II) (p. 35, p. 282,p. 344). muist many radiocarbon dates have 
confirmed that human occupation became abundant in North America 
round about the Mankato phase, about 10,000 years ago, the evidence for 
earlier occupation remains somewhat insecure. Orr (1050) found human 
skeletal remains and perishable objects in Fish Bone Cave, Nevada, with 
a radiocarbon date of 10,000 years ± 850. Harrington (1052) states 
that a scraper from Tulc Springs, Nevada, was found in situ with char- 
coal dated by C14 as over 23,800 years old. Carter (1040, 1050) main- 
tains on soil evidence that man was present at La Jolla, South California, 
about 40,000 years ago. He also claims to have found primitive imple- 
ments in the San Diego region (Carter, 1052) which he considers to be of 
Last Interglacial age. The implement character of most of his finds, 
however, is much disputed, whilst others would be placed much later on 
typological evidence. 

In Mexico, Tepexpan Man from the Valley of Mc.xico was claimed by 
de Terra (1047, 1049) to be substantially older than any remains found 
elsewhere. The reconsideration of the evidence by AvelcjTa (1052), 
however, places him at about 8000 years ago. A mammoth skeleton 
found at Iztopan in the same valley was associated with artifacts of the 
laurel-leaf tj'pe. For these radiocarbon-dates suggest an age of 10, 000- 
11,000 years (Aveleyra, 1055) and in an analysis of the stratigraphical 
evidence for the finds from the Valley of Mexico, Lorenzo (in : Jlooser, 
AVhite and Lorenzo, 1950) maintains this chronological position, making 
these finds approximately equivalent to the Mankato stage. No earlier 
finds of man are so far known from Mexico with certainty. 

Tile focal point of the new dates is the radiocarbon cv’idcnce for the age 
of the Two Creeks Interval. Antevs has persistently maintained on 
geological evidence that this age must be much too low (1055a, 10555). 

Note (12) (p. 57). Normally pollen analysis is applied to sequenecs of 
lake deposits and peat, but in recent years acid soils have been successfully 
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studied by this method. The protagonists of this new nppro.'veii are 
Dimbleby (1051, 1034, 1055), Dimbieby and Gill (IO 55 ) in England, 
and IVatcrbolk (1054) in Holland. 

Note (13) (p. 77, p. 70). More recent work lias introduced complica- 
tions into the Landnam period, iversen (1040) has discussed tiiis period 
once more and replied to Nilsson’s eriticisms. 

Trocls-Smith (1054) holds that the Ertcbolle culture agrees essentially 
with that of the c.nrly Swiss Lake dwellings (Michclsberg and earliest 
Cortaillod) and that, although they lived on game, fish and wild plants 
they also grew some grain and had domesticated animals. The latter, 
however, were not grazed untcthcrcd, so that they had no great circct on 
forest clearance. The Ertcbolle culture passed smoothly into the early 
Mcgalithic culture according to this author. 

Becker (1055) found ‘ early Neolithic ’, i.c. Trichtcrhechcr, occupation 
of a purely Neolithic tj-pe and with no traces of Ertcbolle ware which 
must be older than the Mcgalithic. He points out that the idea of cereal 
growing in the Ertcbolle culture as put forward by Trocls-Smith is based 
entirely on grain impressions on such Neolithic pottery and stresses that 
not a single grain impression has yet been found on Ertcbolle pottery 
proper. There arc now so many finds of Ertcbolle and Trichtcrhechcr 
pottery' that it is permissible to conclude that these two types cannot 
have been made at the same places. The problem of the chronological 
sequence of these cultures thus requires further elucidation. 

Note (14) (p. 81). The relevant radiocarbon dates were obtained bj- 
Levi and Tauber (1955) in Copenhagen, and Zeuner (1935) in London, 
They' assign the late Neolithic lake dwellings (c.g. Egolzuil 3 ) of Switzer- 
land to about 2700 B.c. The new radiocarbon evidence thus confirms 
the long chronology that has persistently been put fonvard in this book 
for the last ten years. 

Note (15) (p. 94). The important site of Star Carr lies at the eastern 
end of the Vale of Pickering in Yorkshire (J, G. D. Clark, 1030o, 1034 ; 
J. W. Moore, 1950). It is of Prcborcal age (pollen zone IV) and there- 
fore earlier than the classic Maglcmosian sites of northern Europe. 
Especially on the evidence of its antler and bone equipment it represents 
an early phase of the Maglcmosian group. Only Klostcrlund and Vig in 
Denmark are approximately of the same age (fig. 100). It has been 
dated by radiocarbon in Dr. Libby’s department at Chicago University, 
two runs from the same sample having yielded 10,107 i 500, and 
8,808 ± 490 years respectively. If one disregards the discrepancy and 
adopts a mean. Star Carr would be \drtunlly contemporary with the 
Central Swedish moraine, or with the beginning of the withdrawal of the 
ice from it. The period following the withdrawal of the ice from the 
Central Swedish moraine corresponds indeed to pollen zone IV in Den- 
mark. IValker and Godwin (in Clark, 1954) confirmed that Star Carr 
belongs to pollen zone IV, though apparently to the somewhat later part 
of it. 

The post-Mnglemosian Mesolithic of Britainhas Sauveterrian aillnities. 
The site of Peacock’s Farm in Cambridgeshire has been pollen-dated by 
Godwin (Clark, 1950). It belongs to pollen zone Vic. Other sites of the 
same archaeological phase occur from East Anglia and Lincolnshire to 
eastern Scotland, the Isle of Man, 'Woles and Cornwall and most of them 
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Fio. lOG. — Sequence of prehistoric sites in relation to climatic and vegetational 
periods during Late-glaciol and early Postglacial times in the North Sea area. — ^After 
Clark, 1054. 


appear to belong to localities -svlrich 'were at the time relatively free of 
trees. This applies, for instance, to the coastal sites of Westward Hoi 
and Yelland in North Devon (Note 16.) An inland site in what 
appears to liave been a densely wooded area has, however, been dis- 
covered in South Devon. This is Three Holes Cave, one of the Torbryan 
caves. It is being excavated by the writer. 

Note (16) (p. 97). At Westward Ho!, on Bideford Bay in North Devon, 
a Postglacial sequence of tidal clays containing a peat bed and a Sau- 
veterrian industry occurs below high tide level (Rogers, 1942, 1946). 
It indicates that the sequence of events observed in the Fenland and on 
the Essex coast (pp. 97, 99) applies in the West of England also. 

Note (17) (p. 109). It has, however, been pointed out by Pfaffenberg 
(1954) that the sinking of the coast in the area of the Jade Bay in north 
Germany has had such a profound influence on the evolution of the peat 
sequence that the recognition of the Grenzhorizont becomes impossible. 
In fact, he concludes that in the bogs of his area Weber’s Grenzhorizont 
never developed because of the local influence of short periods of rising 
(mainl}’) and of falling (occasionally) sea-levels. 


Past HI. Pleistocene and Palaeolithic Chronology, 

ASTRONOSnCAL THEORY 

Note (18) (pp. 114, 115). Northern central Europe in the Pleistocene. 
The question of the Wartbe phase has agitated the minds of northern 
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Europeans considerably. Originally, it rras regarded as the first phase 
of the Last Glaciation. Gradually it ■n-as pushed back to become an after- 
phase of the Penultimate Glaciation. The reasons for this were partly 
geomorphological, for it was clear that much time elapsed between it and 
the Weichscl Glaciation proper. There were, in addition, psycliological 
reasons, a corresponding phase not having been established in the Alps. 
Tlie real trouble is, however, that ns the Wnrthe Phase oecurred 
considerably earlier than the 'Wcichsel Phase and considerably later than 
the Saalc Glaciation, one has to reckon with ttco warm phases, separating 
the Warthc from the preceding and from the following glaciation. Tlicse 
two warm phases have been confounded by most writers. This is under- 
standable, for it requires cxceplionnlly favourable circumstances to have 
c\'idence for both warm phases in the same section, and such evidence 
has so far been forthcoming only from loesses and fossil shore-lines. 
Tliat the first fully temperate phase (as one progresses back into the past) 
should be regarded as ‘ the last interglacial ’ is only natural. 

But there is another interglacial which separates the Wnrthe from tlie 
Saalc Glaciation, and this on the evidence from loess areas was warmer 
and longer than the second. For this reason I consider it essential tlint 
the term ‘ Last Interglacial ’ should be retained for tlie first of these warm 
phases, and the second be regarded ns the first of the two intcrstadinls of 
the Last Glaciation. The confusion that reigns at the present in con- 
tinental literature concerning this matter is thus due to tiic failure of 
recognizing the presence of two temperate phases and it is particularly 
regrettable that the term Eemian has by some writers been applied to the 
second of these phases ivithout hesitation and without any consideration 
of the problems it involves. The situation has been summarized by 
Zeuner (1053, 1934). In addition, two books summarize the present 
state of knowledge for northern Germany (AVoldstcdt, 1050) and Holland 
(van der Vlcrk and Florschutz, 1950). 

Note (10) (p. lie). Kecent work in the Alpine foreland seems to sug- 
gest that in many places the first of these three phases was smaller than 
the second. This would imply that what Penck called Wiirm 1 and 
Wiirm 2 might correspond to my Last Glaciation 2 and 3. Tills matter 
requires further careful elucidation and enthusiasts will have to keep in 
mind the implications this has regarding the existence of three younger 
loesses. 

Note (20) (p. 117). — Corresponding deposits occur in the southern 
Alps, where Venzo (1048, 1049) has established a detailed chronology 
(see Note 22). 

Note (21) (p. 129). iniilst Zeuner (1052) discusses the evidence for 
high shore-lines of Pleistocene age, Pfanncnstiel (1950, 1052) describes 
evidence for phases of low sea-level. 

A high sea-level following the two Monastirian phases has been estab- 
lished in recent years. Its mean height is about 3 m. and difficult to 
determine because of the width of the notch. It is not a Postglacial 
beach, for it belongs to an independent terrace in the Thames, with a 
bench that is younger than the first, but older than the second phase of 
the Last Glaciation. 

At Start Point and Lannacombe Bay in South Devon this level is 
covered with solifluxion deposits, wliich confirms the interstadial age of 
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the beach. In addition it has been found at numerous other points, for 
instance in Jersey, Gibraltar, Morocco (Gigout 1949), Arab’s Gulf 
(Northern Egypt; see this pubh, p. 233) and many other places. 
Further details will be found in Zeuner (1953). This new shore-line is 
called the Epimonastirian. 

Note (22) (pp. 143, 145). Further evidence for agreement of geological 
record with Astronomical Theory. — ^A number of authors have in the last 
few years come to the view that the geological record of the Pleistocene 
of their areas agrees with the expectations of the Astronomical Theory. 
Among these are Acliilles (1939; periglacial terraces of Neckar, 
Wiirttemberg), Brandtner (1950 ; Austria), Choubert (1946 ; ancient 
shore-lines, Morocco), Fink (1949 ; Austrian soils). Gage (1953 ; New 
Zealand), Le Danois (1939 ; ocean level), Sprigg (1948, 1952 ; South 
Australian beaches ) ; Verseveldt (1951, Central Europe) ; Grahmann 
(1952, Germany) ; Woldstedt (1947, 1954, North German moraines) ; 
Zaruba (1942 ; periglacial rivers, Czechoslovakia), ICimball and Zeuner 
(1946 ; glacifluvial terraces of the Upper Rhine). 

Bacsak (1955) not only strongly supports the Milankovitch Theory, 
but develops it further from the point of view of celestial mechanics. 
The importance of this paper cannot be overestimated. The climatic 
divisions are found to agree closely in an elaborate paper by Krivdn 
(1955) of the Hungarian Geological Institute. This paper used the 
modifications suggested by Bacsak. 

Important confirmatory evidence has been discovered in the Italian 
Alps by Venzo (1948a, b, 1949). The girdles of moraines in the Adda 
Valley and the glacifluvial terraces emanating from them provide a 
sequence which agrees well with both Eberl’s sequence from the northern 
Alps and the radiation curve. At the time of his first two publica- 
tions, Venzo was evidently not familiar with Eberl’s work nor with that 
of the present author, so that he is not likely to have been influenced 
by evidence obtained previously. His summary (1948b) may be trans- 
lated as follows : * The Quaternary deposits of the morainic amphitheatre 
of the Adda near Lecco have been compared with the absolute chron- 
ology of Milankovitch’s diagram. A perfect correspondence has been 
found between the number of the chief morainic belts and the maxima 
of cold (sic) ; there are two for Gunz, locally represented by con- 
glomerates of the upper Villafranchian and by glacifluvial gravels ; two 
for Mindel, two for Riss and three for Wurm. The outer girdle of each 
glaciation corresponds to the earlier and stronger maximum of cold. The 
ferruginized girdles of Mindel are nevertheless more extended than the 
relatively fresh ones of Riss, whilst in the diagram the maxima of Riss 
appear stronger than those of Mindel.’ This latter observation agrees 
with others in western central Europe, according to which Mindel was 
larger than Riss in many areas, though the reverse applies in others. 
In fact, the two glaciations were approximately of the same size. 

In the new edition of Climate through the Ages, C. E. P. Brooks gives 
a lucid account of astronomical factors of climate and of the climate of 
the Quaternary’. He holds that ‘ the good accord between Milanko- 
vitch’s astronomical scheme and the succession worked out by F. E. 
Zeuner supports the idea that these small astronomical causes may 
actuall}’ have been the controlling factor in the glaciation of the Northern 
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Hemisphere ’ (p. 2T0). In Holland, Brouwer (lOSO) Iiolds that the 
radiation curves arc a useful basis for Pleistocene stratigraphy. 

Furthermore, the benches of the terraces of the River Thames (Zeuner, 
1954) give an exceptionally complete record of the detailed chronologs’ 
of the Pleistocene, which is in full agreement with the Astronomical 
Theory. Tlierc arc three benches for the Last Glaciation, ta-o less 
developed ones for minor fluctuations in the Last Interglacial, two for the 
Penultimate Glaciation, the second of which is the well-known Taplow 
Bench, five benches for minor oscillations during the Grc.at Interglacial 
and two benches for the Antepenultimate Glaciation, the latter of which 
corresponds to the lower bench of Swanscombe and should be equivalent 
to the Elster Glaciation of Germany, 

Altogether it appears that the different dating methods arc beginning 
to yield reasonably consistent results for the Pleistocene, and the 
astronomical method falls into line with other evidence. This is shown 
by the relative durations assigned to the milu periods ns follows : 
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As to the total duration, Kay made practically no allowance for the 
duration of the glacial phases in his lower figure, hence the higher figure 
(1-2 million) is the better value. But his absolute chronology was 
based on an assumed duration of the Postglacial of 25,000 years. This 
has to be reduced to about half on radiocarbon evidence, so that the 
duration of the Pleistocene in North America from the First Glaciation 
onwards, has now come to agree closely with the Astronomical Theory. 

Note (23) (p. 145). Criticism of the Astronomical Theory. — Objections 
against the applicability of the Astronomical Theory have been raised 
by a number of writers. It will be useful to list them here so as to 
enable the reader to weigh the evidence. Fortunately, the great majority 
of these criticisms have already been answered in existing publications, 
so that it sufllccs to refer to these. A summary of seven objections 
may be found in Flint’s excellent book (1047), but these were formulated 
before the Pleistocene Period and the first edition of Dating the Past had 
appeared, and the author had not had at his disposal the vast amount 
of European literature on the subject. 

1. The mathematical compulations may be unreliable especially for 
times more than half a million years B.P. — See The Pleistocene Period, 
p. 14C ; Dating the Past, p. 138. 

2. The Milankovilch version is a nerv edition of CrolVs Theory xchich 
is usually disregarded by its modem protagonists. — Although using the 
same elements, the computations by Milankovitch and Michkovitch arc 
new and their effects are interpreted in a different manner. Sec Milanko- 
vitch, 1930, p. 120; 1941, p. 493; The Pleistocene Period, p. 141; 
Dating the Past, p. 137 ; Brooks, 1049, p. 105 ; Baesak, 1055. 
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To sum up ; these and other arguments against the Astronomical 
Theory are mostly hased on lack of information* It is not intended to 
say that the Astronomical Theory is necessarily correct, especially in the 
interpretation given to it at the present time, but criticism which is 
levelled at one aspect, neglecting others, is unconstructive. That there 
are difficulties has been emphasized by most workers, but the greatest 
difficulty of all appears to be to read the relevant literature. Changes 
are conceivable in the interpretation of the maxima and minima and 
their correlation -ndth the glacial and interglacial phases. In particular. 
Van IVoerkom’s diagrams require the careful attention of workers on the 
European Continent and so does Bacsak’s recent work. 

3 . The Aslronoinical Theory fails to consider any factor other than solar 
radiation. — ^For discussions of climatological, physiographical and other 
factors see especially Wundt (1933, 1935, 1938a, b, 1944) also Beck (1938), 
Meinardus (1944), Soergel (1937), The Pleistocene Period, pp. 150-65. 

4. The calculated temperature changes are too small to have brought 
about the glaciations. — It should be noted that the Theory relies on periods 
of increased and decreased oceanicity of the climate coupled with 
favourable physiographic conditions. The temperature changes alone 
are not considered sufficient. See Wundt (1938a, b) ; The Pleistocene 
Period, p. 152. Values for temperature changes smaller than those 
found by Milankovitch are accepted by other workers. 

5. The Theory requires that the maxima of the glaciations are not 
simultaneous on the two hemispheres. — Simultaneous glaciation of the 
northern and southern hemispheres has never been proved, though many 
workers are inclined to believe in it (summary of present knowledge in 
Flint, 1947, p. 452). But whether this view be correct or not, the 
fluctuations of solar radiation in the temperate and cold zones of 
the two hemispheres suggest that when there was a glacial phase in the 
north, the south had one at about (though not exactly) the same time 
(see tables in Milankovitch, 1930, 1941 ; also Zeuner, 1938 ; The 
Pleistocene Period, p. 223 ; Meinardus 1944, p. 755 ; Brooks, 1949, 
p. 105). 

0. The Theory requires slightly increased temperatures in the equatorial 
region during the glacial phases. — Exact contemporaneity of any of the 
equatorial glacial phases with one of the glacial phases of the temperate 
zone of the Northern Hemisphere has never been proved. The complex 
situation in the tropical zone is discussed in a tentative fashion in The 
Pleistocene Period, p. 215 ff.. Dating the Past, p. 265 ff., and Zeuner, 
Proc. First Pan-African Congress Prehist. (in the press). Even the 
climatic interpretation of the suspected tropical pluvials has not been 
established (du Toit, 1947 ; Zeuner, 1948), so that the tropical zone does 
not yet provide us with any argument for or against any particular 
theory. 

7. Spitalefs curve differs from that of Milankovitch. — It has been 
shown by Milankovitch (1941, p. 497) that Spitaler’s calculations rested 
on erroneous premises. Since then Spitaler has revised his tables (1948) 
and emphasized that his values are no longer in violent disagreement 
■with those of Milankovitch, and that the maxima and minima of both 
sets coincide. Most critics making use of the disagreement between 
pitalcr and Milankovitch appear to have overlooked the fact that 
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Spilalcr’s long chronology is based on nn assumed total duration of the 
Pleistocene of over a million years ; and not on a counting of summer 
minima and their comparison rvilh geological evidence. 

8. The Aslronomical Theory makes no referenee to the rvny in rrhich 
the combined atmospheric factors react to radiation . — Sec lYundl’s numerous 
papers and The Pleistocene Period, pp. 150-Cl. 

0. The minima of summer radiation are too numerous for the small 
number of glacial phases . — It is the focal point of the Astronomical Theory 
that, where favourable conditions of sedimentation have preserved the 
evidence, the glaciations prove to be subdivided in a manner reminiscent 
of the ‘ radiation cur\'c Favourable conditions cannot have prevailed 
everywhere, and the absence of the detailed sequence from certain areas 
is no valid argument against the Tlrcory. The evidence has been .sum- 
marized repeatedly, most recently in The Pleistocene Period. 

10. If the Astronomical Theory icere true, there should hate been 
glaciations throughout geological history, and especially in the Tertiary . — 
The Astronomical Tlicory differs from Croll’s Theory in that it docs not 
claim to explain the Pleistocene Ice Age at all, but merely its sub- 
divisions. Sec The Pleistocene Period, pp. lCl-5. 

11. The time, 000,000 years, is less than the time tchich interglacial 
soil formation seems to demand . — This argument relics on Kay’s estimates 
which use an arbitrary figure for the Postglacial. Actually very little 
is known about rates of soil formation but since radiocarbon dating has 
reduced Kay’s basic figure to less than one half, his chronologj’ has 
come into line with the astronomical scale (sec Note (22) (p. 411). 
{Dating the Past, pp. 342-3.) 

12. The astronomical calculations become increasingly inaccurate as 
they are extended into the past . — This point has been considered by 
Milankovitch, who found that the possible error amounted to 10 per cent, 
at one million years. It is for this reason that he has not extended 
the calculations further back. On Van Woerkom’s diagrams the error 
is greater, which confirms that caution is necessary in interpreting the 
Lower Pleistocene. 

13. The transformation of radiation into temperature is still impossible. 
— This is true, and most workers have admitted that smaller trans- 
formation values than those used by Milankovitch arc probable. Their 
eflcct, however, was increased by secondary climatic effects such ns 
albedo. See Wundt’s papers, and The Pleistocene Period, p. 150 ff. 

14. The Postglacial summer maximum of 10,000 B.P. is not reflected 
fn the floral record . — It may well be represented by the Allcrod oscilla- 
tion. Complicated questions of secondary effects arise in this connexion. 
It must not be forgotten, that the summer radiation has since dropped 
from its maximum to its present value, and that it was therefore still 
higher in the Atlantic than it is to-day. 

15. The Allcrod oscillation is, as shown by radiocarbon dating, 
contemporary with the Two Creeks intcr\'al, and the Mankato rc-advance 
corresponds to the Fcnnoscandian moraine. Flint (in Flint and Dccvcj', 
1051) points out that this contemporaneity renders it dilTicult to maintain 
that the Fcnnoscandian stage is the result of a temporary increase in 
precipitation consequent on the reduction of the diameter of the icc-shcct 
and the intensity of its anticyclone, for the same explanation would now 
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perforce apply to the Mankato ice-sheet. This, however, appears to have 
been too large for the application of Brooks’s conception of ‘ minimum 
size If this interpretation is not applicable to the Mankato-Fenno- 
scandian stage, one would expect a summer radiation minimum to 
have occurred at this time, but this is non-existent. 

This is the only soimd argument based on geological evidence which 
has been raised against the Astronomical Theory and it deserves to be 
taken seriously. It does not, however, disprove the Astronomical 
Theory as a whole, since the stage in question appears to have lasted 
only a few hundred years and is, therefore, a minor oscillation, at any 
rate in Europe. For this reason, European workers have not regarded 
the Fennoscandian substage as an obstacle to the acceptance of the 
Astronomical Theory for the Pleistocene as a whole. Nobody denies 
that factors other than the perturbations of the orbit have produced 
fluctuations in the Pleistocene climate and the stage in question may 
turn out to be due to some other cause. 

Other objections are based on misconceptions. There would be no 
need to mention them had they not appeared in print. Among these 
are, that the minima of the ‘ curve ’ represent the minima for the year, 
and that a pole-shift is required (as postulated by Koppen and Wegener 
in 1024 but not accepted by later workers). 

Note (24) (p. 156). Duration of LGl^ and LGly^ — Since The Pleisto- 
cene Period and the first edition of Dating the Past were written, evidence 
has accumulated which shows that the interstadial LGls/s was decidedly 
cool. This was suggested long ago by Zeuner and Schulz (1931) who 
found that between the Weichsel and Pomeranian stages dead ice, 
covered hy moraine, survived the interstadial in the Oder area. It was 
then concluded that the temperature must have remained low. Later, 
surveys in the loess areas of central and west Europe made it probable 
that a third Younger Loess, separated from the second by a weathering 
horizon, is of restricted distribution {Note (26)), and confined mainly 
to areas with relatively dry summers. The interstadial climate, there- 
fore, appears to have not been warm enough for chemical weathering to 
take place on a large scale. Since chemical weathering of the podsolic 
type has developed on a large scale in areas vacated by the ice late in 
Postglacial times, one is justified in suspecting that the duration of the 
phase of chemical weathering in LGl./j was short. A non-loessic site 
with a soil attributable to LGlj/j is the Magdalenian cave of Petersfels 
near Lake Constance. Here the soil is 15 cm. thick, i.e. about the same 
as the Recent soil. The latter is unlikely to be more than 15,000 years 
old, and this figure may be taken as the maximum duration of cool- 
temperate conditions of the interstadial, so far as the available evidence 
goes. Corroborative e^^dence for the persistence of ice-sheets through 
tlus interstadial also comes from the eustatic sea-levels, since the sea 
appears to have remained below that of the present throughout the period 
between LGl* and LGl,. 

All this is admittedly but scanty evidence. Yet, considering the 
presence of well-developed soils of the^rsl interstadial of the Last Glacia- 
tion, what little we know appears to be suggestive. tVhen, therefore, 
Kimball and Zeuner were investigating the sequence of Wiirmian terraces 
in the area of Lake Constance (1946) and their relation to the Magdalenian 
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sitas of Kcsslcrloch, Pclcrsfels, clc., they were not surprised to find tlmt 
t!ic fauna of the former site indicated only a very slight amelioration 
of climate during the intcrstadial LGl.^. They came to hold, there- 
fore, that the duration of the cold conditions of LGl, was protracted, and 
that the onset of LGlj occurred prematurely, so that the intcrstadial 
was short. 

Tills has an important bearing on the chronology of the Aurignacian 
and Magdalcnian which was not realized when the first edition of Doling 
the Past was written and whicli is explained on p. 201. 

Note (23) (p. 158). Section of Aehenheim, Alsace. — -Pending further 
investigations, the profile of Aehenheim, ns exposed in the Briquctlcric 
Sundhauscr and the Briquettcrie Hurst, may hrielly he summarized ns 
follows (omitting certain less important subdivisions) : 

(K) Recent soil, with Neolithic (Postglacial). 

(J) Younger Loess III, with cold fauna and upper Palneolithie. 
LGlj. 

(I) tVeak weathering, often with effects of solilluction or soil-creep. 
Upper Palaeolithic. LGlj^j. 

(H) Younger Loess II, with cold fauna. In upper part apparently 
with upper Palaeolithic, but at its base foi/cr de Sehumacher, typical 
Moustcrian (Wernert, 1029). LGlj. 

(G) ■Weathering loam, with ineorporated flake industry, also a small 
cordiform hand-axe. LGIj/,. 

(F) Younger Loess I (formerly Upper Older Loess), with cold fauna 
and, at base, solilluction. Industry poor, of Lcvalloisian type. In its 
lower, sandy, portion a point 18 x 8 cm. was found (Wernert and 
Schmidt, 1009), which is comparable with certain High Lodge specimens, 
LGl,. 

(E) Weathered surface of ‘ Middle Older Loess ’, a reddish soil, ± 
decalcified. Last part of L Igl. 

(D) Jliddle Older Loess. Locssic material often breccinted, or mixed 
with humic matter, ‘ Loess atypique Flake implements of Clactonian 
technique (Wernert, 1034), some dcscribablc ns Tayacinn (Wernert, 
1930), as well as Lcvnllois-likc types (Coll. Wernert) and Jloustcrioid 
points with or without prepared platform (Coll. IVernert). There are 
also balls made of loess and presumably used ns projectiles (Zeuner, 
19536). L Igl. Subdivisible into : — 

(Df) Breccinted loess with temperate shells. 

(De) Brown soil, calcareous. 

(Dd) Impure loess with shells. 

(De) Loess with large concretions. 

(Db) Loess of clean appearance (a little). 

(Da) Stratified impure locssic material, hill-wash. 

The fauna of land snails described by Wenz (1010) came from Df, 
so far ns this can be ascertained from the comparison of his published 
section with that visible in the Briquettcrie Sundhauscr to-day. It is 
possible that Wenz regarded Dd and Df ns one deposit. The fauna is so 
extraordinary for a loess that it is listed here. The temperate character 
is evident. It is a hygrophilous forest fauna indicating an environment 
comprising moss, rotting wood, low herbaceous plants (nettles, etc.) 
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shrubs and trees. Only two speeies {Ch. iridens and Pup. muscorum) 
are fond of dry grass slopes. They may have been washed in from higher 
up the slope which, as can be seen in the pit, was very steep. Wenz 
notes that a similar fauna exists to-day in the neighbourhood on the 
steep slopes of the River Breusch. The fauna comprises : 

1. Agriolimax agrestis (L.) 

2. Milax marginaius (Drap.) 

3. Hyalinia nitens (Michaud) 

4. Arion sp. Wenz holds that the calcareous grit which abounds in 
the deposit comes from Arion. 

5. Gonyodiscus roiundatus (Muller) 

6. Eulota frulicum (Muller) 

7. Euomphalia sirigella (Drap.) 

8. Frutidcola hispida (L.) 

9. F. pleheja (Drap.) 

10. Helicodonta obvoluta (Miiller) 

11. Arianta arbuslorum (L.). Many giant specimens suggesting a 
mild climate with long periods of growth. 

12. Helicogona lapicida (L.) 

13. Cepaea nemoralis (L.) 

14. C. hoTtensis (Muller) 

15. C. sylvatica (Drap.). A ‘ moist ’ species of the eastern Pyrenees, 
south France and western Switzerland, with an isolated occur- 
rence on the Rhine at Karlsruhe. Frequent in the Pleistocene 
of Mosbach, Mauer, Hangenbieten, Cannstatt. 

16. Marpessa laminata (Montagu) 

17. Kuzmicia pumilla (Ziegler). Eastern species. 

18. K. cf. bidentata (Strom.) 

19. Chondrida tridens (Muller) 

20. Orcida doliolum (Brugifere) 

21. Fupilla muscorum (Muller) 

22. Veriigo pygmaea (Drap.) 

23. Acanthinula aculcata (Muller) 

24. Cochlicopa lubrica (Muller) 

25. Azeca menkeana (Pfeifler) 

26. Vallonia ptdchella (Muller) 

27. V. costata (Muller) 

28. CarycMum minimum (Miiller) 

(C) Soil, weathering of Bj in a temperate climate. 

(B,) Lower Older Loess. 

(Bj) Sandy loess and fluviatile sands, with solifluction, and ■«dth cold 
fauna. 

(A) Marls and fluviatile sands of the Rhine, Avith temperate fauna of 
the Mauer or Mosbach type. Since this suggests an Antepenultimate 
Interglacial or Antepenultimate Glaciation age, there appears to be a gap 
in the sequence, between A and B, or B and D, not recognized by previous 
workers. 

The section of Achenheim suggests the survival of the Mousterian into 
the early part of Last Glaciation 2» There is evidence elsewhere in 
western Europe for such survival (Zeuner, 1956), 
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Note (2G) (pp. 150, 1C3). The thrcephase^ of Younger Loess confirming 
Ihe detailed chronologij. — IMiilst the presence of two Younger Loesses eon- 
temporarj- with the Last Glncintion nnd separated by a wcntliering 
horizon Imd been recognized long ngo, the existence of a third Younger 
Loess is only now being established by workers who arc familiar with the 
problems and methods of palaco-pcdologj'. Its presence had been 
suspected at Wallcrthcim, a thin black band having been regarded ns 
separating it from Younger Loess II. This peculiar band has now been 
shown to be an intercalation, possibly of volcanic origin, within the 
Younger Loess III (Schonhals, 1031 ; Zeuner, 1053n), whilst the weather- 
ing horizon separating Y'oungcr Loess II nnd Younger Loess III at 
■\Yallcrthcim, which was not exposed at the time when Schmidtgen nnd 
Wagner published their account of the section, has now appeared in the 
new pit. Not only is a black band found in numerous sections from 
Rheinhessen to Rheingnu nnd the Limburg district, but two weathering 
horizons dividing the Younger Loess in several sections, especially in the 
neighbourhood of Wiesbaden (Schonhals, 1050, lOSln, h). In the Rhine 
Valley, though farther south, the section of Achenheim in Alsace, has to 
be added to the list. Furthermore Schonhals (1951a) has described 
similar sections from Czechoslovakia nnd, ns in the Rhine Valley, the soil 
corresponding to the First Intcrstadinl is usually thicker than that corre- 
sponding to the Second Interstadial. These soils arc brownenrths or 
podsols nnd, if brownenrths, loss mature than interglacial soils. Both 
in the Rhine Valley and Czechoslovakia, the soil of the Last Interglacial 
is of the chernozem tj'pe indicating a climate with hot summers, nnd it is 
not difficult to distinguish in sections this Interglacial soil horizon from 
those of the First and Second Intcrstadials. By now the evidence from 
Czechoslovakia has become very complete. It has been summarized by 
ProSck nnd LoJck (1957), 

According to Brandtncr (1950) three Younger Loesses can be dis- 
tinguished in Nether Austria also and in the adjacent area of southern 
Moravia. This area comprises the important prehistoric sites of AVillcn- 
dorf and Dolnf VCstonicc. In this area, too, chernozems liavc been 
found which belong to the Last Interglacial, but in the First Interstadial, 
called the Aurignac oscillation, some chernozem was formed also. The 
Second Interstadial is called the Paudorf Interstadial. The soils 
belonging to these more or less temperate phases have to be studied 
in detail from the pcdological point of view, though the existence of 
three Younger Loesses appears to be safely established. 

The climatic character of the two intcrstadials is neatly brought out 
by pollen-analysis (Brandtncr, 1950, p. 10-1 ; 1949). The pollen flora of 
the First Intersta^al (Aurignac oscillation) has so far produced pine, 
spruce, birch, ■willow, alder, hazel, elm, oak and lime. Samples from 
the Second Interstadial (Paudorf horizon), ho■^vcvcr, show a different 
composition, the more or less cold-resisting species dominating, whilst 
the climatically more sensitive species, like hazel, elm nnd oak, appear 
only sporadically and the most warmth-requiring species, lime, is absent 
altogether. Moreover, the density of the forest -svas greater in the First 
Interstadial (herbaceous and grass-pollen about 100 per cent.) than in 
the Second (non-tree pollen nearly 300 per cent.). Tlic picture of these 
t-Nvo intcrstadials ns it is being dra-wn by Austrian workers resembles in all 
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essential parts that obtained for the Rhine Valley. It can only mean 
that there are three divisions of the Last Glaciation, the first two being 
separated by a temperate interstadial and the second and third by a 
cool interstadial. 

Archaeologically, the First Younger Loess is associated with 
Mousterian. The Aurignacian appears in Nether Austria and Moravia 
during the First Interstadial and continues, as shoAvn by the section of 
Dolni Vfistonice, through LGlj into the Interstadial LGL/j. As the 
Aggsbachian is a belated facies of the Aurignacian, in the widest sense of 
the word, this culture must have lasted even into the advance phase 
of LGlj, as suggested by the site of Kemmegg. Coming from western 
Europe, the Magdalenian pushes itself over the Aurignacian during LGlj. 
The Aggsbachian continues to develop as an autochthonous culture 
further to the east and south-east and eventually disappears in the 
Mesolithic complex, in early Postglacial times. The Solutrian, now by 
some regarded as no more than a local facies of the Aurignacian, comes 
from Hungary and advances into Nether Austria and Moravia during 
LGlj, causing local cultural overlaps and fusions, for instance, at 
Morawany, Pfedmost and Ondradice. These views of Brandtner are 
remarkably consistent with the observations made in the more western 
parts of Europe. 

Three Younger Loesses can be recognized as far west as northern 
France (Bordes, 1954 ; Zeuner, 1956), but it appears that the Mousterian 
survived longer in the west than it did in the east, namely into LGl^. 

Note (27) (p. 173). Saint Pierre-les-Elbeuf. — Apart from Achenheim, 
this is probably the largest loess section in western Europe. Granulo- 
metric and chemical investigations were first carried out following the 
writer’s visit in 1930 (partly published in 1945), and results will be given 
in a forthcoming paper. The same material was studied by micro- 
pedological methods by Dalrymple at the Institute (1955). Moreover, 
Bordes (1954) has carefully re-investigated the sections available after 
the war and though he found it difficult to correlate his profiles with those 
of 1936, has proved the presence of three Younger Loesses in the new 
brickyard wliich has since been opened. In addition, three Older Loesses 
are distinguished by Bordes. 

The chronology of the Palaeolithic industries of St. Pierre is not altered 
by the new finds. There is Acheulian associated with the Older Loess, 
though precisely how remains to be seen. The Last Interglacial soil is 
associated with Levalloisian V, and with Micoquian which perhaps 
extends into the beginning of YL I. The lower part of YL II contains 
Mousterian ( = Levalloisian AH— VII). In addition, however, there are 
a few specimens of Upper Palaeolithic facies, including cores and burins, 
found by Mr. Harper Kelley. Tlieir stratigraphical position is described 
on p. 172. They appear to belong to the interstadial YL I/YL II and 
to represent a temporary influx of Upper Palaeolitliic elements into a 
domain of the Mousterian. This is conceivable in the light of evidence 
from Czechoslovakia. Prom time to time. Upper Palaeolithic tribes 
would have penetrated into western Europe with more or less lasting 
success, though causing muddle in our prehistoric chronology. 

St. Pierre, however, shows clearly that the Mousterian survived into 
*ind other sites, mainly studied by Bordes, show the same. 
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Note (28) (p, 178). In recent jxars, P6rc C. Burdo lins continued the 
e.\ca\-ntions to mucli lower levels, without encountering n beach. The 
industry is a Lower Pnlncolithic iritli bifnccs. See Burdo, 1053, 1034. 

Kole (20) (p. 183). — Deposits in East Anglia need not have retained 
their original height. The levels of interglacial deposits therefore must 
not be used ns evidence for the height of the .sca-lcvcl at the time 
of their formation. The Forest Bed, in particular, is now at sca-lcvcl, 
svhilst one would c.\pect it to be adjusted to the Milazr.ian sca-lcvcl 
of 50 metres O.D. It is of course possible that it was formed at a 
time when the Milazr.ian sea-level was not at its maximum height. .Sub- 
sidence, however, is the more probable cause of the low position of the 
Forest Bed, since lYooldridgc {Proc. Gcol. Assoc., 39, p. 24) 1ms .shown, 
on independent evidence, that the part of East Anglin which lies cast 
of his ‘ Braintree Line ’ has sunk. 

Note (30) (p. 189). The important site of Hoxnc in Suffolk near the 
Norfolk border was not mentioned in the previous editions because its 
age was uncertain. PolIcn-nnatji,ical work by R,. G. IVcsl (1950) has 
now settled this matter. The peat deposits belong to the Great Inter- 
glacial, the floral characteristics of which they exhibit. As a result, the 
Lowestoft and Gipping Glaciations of East Anglin may be correlated with 
the Elstcr and Saalc Glaciations of north Germany. The industry is a 
late Middle Achculian and is in place in the interglacial mentioned. It is 
evident, however, that, contrary to the view held by West, the pollen 
scries docs not comprise the entire Interglacial and that it has been 
decapitated. It appears that a minor cold lluctuation occurred at the 
end of the preserved sequence. It is, in any case, unlikely that the 
Great Interglaeial, known to have been of long duration, would not show 
marked climatic fluctuations, but merely a simple cycle. The dating of 
the section, however, marks an important step in the chronology of East 
Anglia. 

Note (31) (p. 100). Badcn-Powcll {Naline, London, 101, p. 287) has 
recently studied the erratic contents of the East Anglian boulder clays. 
West and Donner (1050) have undertaken to difTcrentinlc the tills of 
East Anglia on evidence provided by the orientation of the erratics. 

Note (31a) (p. 101). Swanscombe erratics. — Baden-l’owcll (1051) 
studied the erratics of the Swanscombe gravel and concluded that it was 
formed between two ice advances, the later of which covered East Anglin. 

Note (32) (p. 194). Age of Balicr's Hole Lcvalloisian. — ^The argument 
of the preceding paragraph rests on the assumption that the coombe- 
rock which covered the Lcvalloisian site of Baker’s Hole is the same ns 
that observed in Burchell’s sections. But since there arc other soli- 
fluction deposits, of Last Glaciation age, in Burchcll’s sections, the 
possibility cannot be ruled out that the coombc-rock which covered the 
Lcvalloisian of Baker’s Hole was a solifluction deposit of the Last Glacia- 
tion. It is necessary to keep this alternative in mind since it has been 
pointed out by King and Oakley (1045) that the industry’ contains com- 
paratively thin flakes, and also triangular and heart-shaped bifaccs ns 
they occur in the Lcvallois stage V of northern France. If the covering 
coorabe-rock were of Last Glaciation age, this would be all right. Breuil 
(1947), however, is still inclined to accept the coombc-rock of the site 
as of Penultimate Glaciation age and suggests possibilities of regional 
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differences in the evolution of the Levalloisian. The Levallois V of 
northern France may, for instance, be the result of an invasion from 
Britain, where this variety developed at an early date. There is yet 
another alternative to explain the Acheulian aspect of the Baker’s Hole 
Levallois. In Great Interglacial times (Swanscombe Middle Gravel) 
middle Acheulian was present, but the oncoming of the Levalloisian is 
heralded by flakes struck from tortoise cores both in Swanscombe, and 
elsewhere. It is conceivable, therefore, that when in the early phases 
of the Penultimate Glaciation the Levallois technique became dominant, 
man continued to a slight extent to practise the making of Acheulian 
types of tools, until he dropped this, allowing his industry to deteriorate 
into a pure, primitive Levalloisian when the climate became more 
rigorous. It is pleasant to know that McBurney (in West and McBurney, 
1955) has come to hold a similar view, at which he appears to have arrived 
independently, as he does not refer to the present writer’s article. 

Nolc (S3) (p. 228). Grotta Romandli . — The fact that suggestions of a 
third phase of the Last Glaciation have recently been made known from 
as far south as Syria, makes it possible to regard part of the Terra Bruna 
as LGl j. Geologically this cannot be confirmed on the evidence available, 
but the problem of the microburins would appear less serious if this 
alternative is adopted. It should, however, be realized that geo- 
chronology insists on geological dating. It would mean putting the 
cart before the horse if we should date sites by typology alone, though 
of course the latter frequently suggests certain possible ages for sites. 
Neither must it be forgotten that the sites of Palestine and Syria have 
already produced more than one tj'pological surprise, such as mixtures 
and even inversions of the commonly accepted sequence. It is prudent, 
therefore, to await further evidence before the stratigraphical position 
of Grotta Romanelli is changed. 

Note (84) (pp. 231, 232, 234, 245). Syria and Palestine . — In the light 
of evidence from more recent excavations, it would be desirable to 
confirm the Damn-graph of Miss Bate by geological evidence. The 
Carmel caves excavated so far cannot provide it. On the other hand, 
excavations at Ksar ’Akil in Syria suggest that a possible further climatic 
oscillation precedes the Natufian phase (level Wad B). In this shelter 
four deposits of stony rubble interrupt the sequence of fine-grained beds. 
The great faunal change known from Mount Carmel occurs between 
Complexes 3 and 4 (counting from the top). Complex 2 follows an 
industry transitional from Levallois-Mousterian to Upper Palaeolithic. 
Complex 1, which has no counterpart in Mount Carmel, is associated 
with a ‘ Gravettian ’ as the industry is called by Ewing (1947). But 
Dr. J. Waechter (1952) is inclined to suspect that this is Kebaran, 
similar to Kebarah, Jabrud and El lOriam (level D). The apparent 
coincidence of the stony horizon with the Dama maxima of Miss Bate 
suggests a correlation, though it must be realized that their climatic 
character is not yet understood, JJ Complex 1 is due to a climatic 
oscillation, it may provide evidence for the third phase of the Last 
Glaciation in the eastern Mediterranean. 

Tliis \'iew is held by the excavators also (Ewing, 1951) and Wright’s 
(1951) visit to the site has confirmed that it is of Last Glaciation age on 
the whole. In a footnote (l.c., p. 121), however, Ewing mentions that 
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they arc ‘ now seriously considering changing the correlations of our 
complexes to Last Glaciation Stadia 2, 3 and 4 By stage 4 is pte- 
sumablj- meant the Fcnnoscandian pliasc, so far not found anywhere 
outside glaciated areas. It would be surprising if tin’s correlation could 
be established geologically, and it would probably cause didlculties in 
the faunal .sequence, raising the faunal break to LGI,. The final publica- 
tion is, therefore, awaited with intcre.st. In the meantime, it is to be 
regarded as probable that csidcncc for LGli, LG1„ LGI, has been found 
at Ksar ’Akil. 

At Kebarah in Palestine {Tur^'illc-Pctrc, 1032), the microlithic 
industry now called Kebaran is preceded by middle Aurignacian and 
succeeded by Natufian. There is, however, no climatic evidence avail- 
able. At El Ivlriam (Neuvillc, 1051), the same industry again follows 
the Aurignacian, and between it and the Natufian II a sterile layer is 
intercalated. It also occurs at Jabrud, Cave 3 (Rust, 1050), between 
the Aurignacian and the Natufian. Thus, the gap between Wad C and 
Wad B is filled to a large extent. 

In the Mount Carmel sequence, there is an earlier crosional uncon- 
formiW Level F of El Wad. This was mentioned by Garrod in 
Garrod and Bate, 1030, p. 22, para. 2, and my attention was drawn to 
it by Dr. Wacchtcr. Erosion is also indicated at Shukbah (Garrod, 1042), 
where the upper Lcvalloiso-Moustcrian was extensively eroded and in 
part re-deposited. This phase of water-action need not be more than 
the continuation, or climax, of the second Damn maximum of Miss Bate’s 
Bcquence, i.c. evidence for LGlj. 

Some confirmation of the first Dama maximum is suggested by the 
section of Jabrud, Cave 1 (Rust, 1050, pi. 4). In it, a sequence of lime- 
stone debris containing mainly Acheulinn (for the interpretation of the 
industries, see Wacchtcr, 1052) Is followed by a series of cemented layers 
containing late Acheulian (Micoquian), and it is followed by Lcvalloiso- 
Moustcrian in unccmcntcd deposits. If the cementation is indicative 
of a climate damper than before and after, it could, on tj^jological 
evidence, be related to the first Dama maximum. 

In this way, confirmation appears to be forthcoming for the validity 
of the climatic inferences drawn from the Dama graph. In addition 
evidence for LGI, is suggested. 

On the coast of Sjuia considerable progress has been made by Fleisch 
(1940O, b) and Vaumas (1047). Vaumas’s transgression levels arc 
substantially the same as Wetzel and Haller’s. The prehistoric industries 
have been correlated with the transgression and regression phases. 
The ‘ Tayacian ’ would belong to a level of 45 m. (early part of the 
Tyrrhenian — Great Interglacial). In view of the vagueness of the term, 
Tayacian, this is not significant. Lcvalloisian appears after this phase, 
and prior to the 35 m. level. This would still correspond to the Great 
Interglacial, and it continued to the regression of the Last Glaciation. 

Note (35) (p. 230). MonasUr, Tunisia . — ^This is the type site of the 
Slonastirian originally described by Dc Lamothc. He was satisfied that 
an 18 m. sea-level existed at this point. Later on, however, it was found 
that other levels were present also, and since workers at that time had no 
conception of the multiplicity of Middle and Upper Pleistocene sea-level 
phases, they concluded that the different heights observed must have 
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been due to tectonic distortion (Gobert and Harson, 1953). The present 
^vriter, however, who has visited this area, has the impression that if the 
beach levels established elsewhere of 32 m., 18 m., T-5 m. and 3 m. are 
taken to apply to the Monastir peninsula also, the observations fall in line 
with other areas and De Lamothe’s view is vindicated. There is no need 
to assume tectonic warping after the Tyrrhenian, though before this 
period it was evidently intense. The Miocene-Pliocene core of the 
peninsula is strongly tilted, angles of 45° being observed. It appears 
that the tip of the island was shaved during the maximum level of the 
Tyrrhenian between 30 m. and 40 m. 

The Main Monastirian appears to exist north-west of Bir el Djezira 
and other places. It is even conceivable that at the saltings along the 
east side of the peninsula the Epimonastirian beach is represented and 
the 7-5 m. beach would be present on the landward side of these saltings. 

It goes without saying that the lack of faunal distinction between the 
T 3 Trhenian and Monastirian phases is no proof whatever against the 
reality of the oscillations of the sea-level as such. 

Note (36) (p. 236). Morocco . — Two sites in northern Morocco are 
important in the present context, Mugharet el Aliyah (Howe and Movius, 
1947), and Cabo Negro near Tetuan (Zeuner, 1954). The latter site has 
provided a Mousterioid industry of apparently LGli age, whilst Aliyah has 
a more complicated sequence summarized in the table on page 424. 

iVoic (37) (p. 236). Gorham's Cave, Gibraltar . — ^This important cave 
on the east side of the Rock of Gibraltar was formed during the Monas- 
tirian. There is evidence for both the Main and Late Monastirian sea- 
levels. It was subsequently partiaUy filled when the sea-level receded 
in LGli. Mousterian man was present at this time. The sea-level rose 
once more and a notch was cut into the deposits previously formed 
(Epimonastirian phase of the first Interstadial of the Last Glaciation). 
Subsequently the sea receded again and was reoccupied by Mousterian 
man in LGL. It was only towards the end of this phase that Upper 
Palaeolithic man reached the cave. In addition there is evidence for the 
cool oscillation and corresponding drop in sea-level of LGI 2 / 3 . 

Note (38) (p. 247). Climatic phases of Kharga Oasis . — In Climate 
through the Ages (1949, p. 336), C. E. P. Brooks mentions doubts expressed 
by Beadwell as to the climatic character of the Kharga succession. The 
water supply being artesian, its variations ‘ do not necessarily represent 
synchronous variations of rainfall 

Note (39) (p. 257). Olduvai, BedllJ . — This is not a weathering horizon 
since many grains of fresh feldspar are present. But red soil has been 
incorporated in the sediment, indicating a red-earthy type of weathering 
in the neighbourhood. 

Note (40) (p. 258). Olduvai . — A full account of the geology, palaeon- 
tology and the prehistoric industries of Olduvai has now been published 
by Leakey (1951). 

Note (41) (pp. 268, 275, 279). North-west India and Java . — Compare 
Nilsson, E., 1941 ; Movius, H,, 1949 ; Krishnaswamy, V. D., 1947 ; 
Sankalia, H. D., 1948 ; and various papers by F. E. Zeuner appearing 
in Bull. Deccan Coll. Res, Inst,, Poona, and Ancient India, New Delhi. 
, J*' Borneo, Java and Sumatra, Smit Sibinga has recently identified the 
Gunz regression ’ by means of freshwater deposits intercalated in a 
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marine series and as a phase of erosion of the Pliocene terraces preceding 
the aggradation of deposits -with Djetis Fauna. This stage is later than 
the Kali Geagah and therefore later than the Pinjor stage. Smit SiUnga's 
results thus confirm Pilgrim’s views and disagree with de Terra's who places 
the Early Glaciation prior to the Pinjor stage. For details, see Smit 
Sibinga, 1949, 1953. 

Zeuner (1950) studied the climatic sequence of Pleistocene deposits 
in Gujarat. Follo-ning a lateritic phase of unkno-\TO age there is a 
sequence of aeolian and fiuviatile deposits which on the whole reveal 
comparatively dry conditions. It appears that since the Upper 
Acheulian the climate has never been noticeably damper than it is to-day. 
In other words, there appears to he no evidence for pronouncedly pluvial 
conditions during the Last Glaciation. This observation raises once 
more the problem of pluvials in the tropical zone. It is discussed in 
Zeuner (1952). 

W. G. Gill (1951, 1952) has revised the stratigraphy of the Siwaliks 
series and his new interpretation ‘ confirms Pilgrim’s statement that 
a great thickness of beds with a Villafranchian fauna constitutes the 
highest member of a conformable succession which was intensely folded 
and peneplaned before deposition again took place ’. It is this evidence 
that pro^^ded the basis of Pilgrim’s opposition to the inclusion of the 
Villafranchian in the Pleistocene. 

Note (42) (p. 291). Chdtelperron. — ^The site of Ch&telperron with its 
industry has been monographed by A. D. Lacaille (1947), and the skull 
fragment by Cave in the same paper. The latter is the earliest known 
example of a brachycephalic skull. The fauna suggests a fairly cold 
climate, but the environment was varied, with patches of tundra 
and grassland, as well as some woods. The time of occupation is 
Last Glaciation, but neither fauna nor geology supply a more precise 
dating. 

Note (43) (p. 292). Alternative short chronology of the Upper Palaeo- 
lithic. — Recently, the tendency has been followed by some workers to 
contract the Upper Palaeolithic into a much shorter period of time. In 
the main, typological and artistic considerations are the cause of this. 
In addition, the lingering on of late Magdalenoid industries to the 
Allerod phase has had a psychological influence, and there is one 
published radioearbon date from Lascaux. 

It is important to note that so far there is no geological evidence for 
the restriction of the Aurignacian and Magdalenian to LGI 3 . The 
Lascaux date (15516 ± 900 years) is consistent with the late Magdalenian, 
and, as Jlovius (1951) has pointed out, does not date the mural paintings 
of the cave, nor has this sample or others of Palaeolithic age been tested 
for contamination with younger carbon. 

The reaction to the long chronology here suggested is, however, a 
healthy development and will no doubt sooner or later lead to the 
appearance of fresh sound evidence. 

Note (44) (p. 289). — ^The South African industries using Levallois 
technique have been studied by C. van Riet Lowe (1945). 

Note (45) (p. 800). Fluorine method of determining relative age of 
bones. — K. P. Oakley has used the fluorine content of the bones of Galley 
Hill Man, compared with that of bones from the 100-foot terrace of 
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Swanscombc of Great Interglacial nge. rrcliminary analyses carried 
out in the Government Chemist’s Laboratory sliovr a difrcrencc of the 
order of 20 to 1 beUveen the middle Pleistocene and Postglacial bones 
from the area of Swanscombe and Gnllej' Hill, with tlie samples of the 
Galley Hill skeleton coming nearest to the Initcr (Science To-day, London, 
(08), p. 284, and 4 (103), p. 324, 1048). A paper on the subject by Dr, 
Oakley and others lias been published by the British Museum (Natural 
History). The method, a-hieh goes back to Carnot (1803), was described 
by Oakley (1048). 

More recently, K. P. Oakley (1050) has tried to apply the fluorine 
method to the Piltdoivn case, but the results were less conclusive than 
in the case of Swanscombe Jinn. In Swanscombe, he had obtained 
values of about 2 per cent, from Middle Pleistocene bones, about 1*1 per 
cent, for Upper Pleistocene, and 0-05-0-3 per cent, for Holocene bones 
contained in flint gravel. At Piltdown, the Villafranehian bones proved 
to contain 2-3 per cent, of fluorine, whilst the later group (middle 
Pleistocene or later) varied from 0-1 to 1-5 per cent. Tlicsc values are 
consistent with those of Swanscombe. But the Eoanthropus material, 
including the jaw and the fragments of the second skull found two miles 
away, averaged only 0-2 per cent. Since the human bones and much 
of the other material have now been proved to be fakes (IVcincr el cl., 
1055), these results are of use only from the methodological point of 
view. 

Nole (40) (p. 300). FonUchevade Man. For further information, 
sec Garrod (1049) j Vallois (1049a, 6). 

Paht IV. Radioactivity JIcthodb 

Note (47) (p. 330). Helium method. — Hurley (1050) suggests that the 
hcIium-Ioss so widely held to occur is, perhaps, in part imaginary. 
According to his investigations of granite powders, the age ratio is found 
to be very close to what the geological evidence suggests. In such cases, 
therefore, tlie low ages obtained appear to be due to a deposit of uranium 
and thorium on the surfaces of the mineral grains. 

Note (48) (p. 334), Magnetism of liochs. — In the Report of the Com- 
mittee of the Measurement of Geologic Time 1053-4, Putnam Marble 
states : ‘ A few years ago it was thought that the orientation of magnetic 
material to the less magnetic matrix of rocks could be used to establish 
approximate dates. Recent evidence docs not bear this out to any great 
extent.’ 

For further information sec papers by Graham (1053), Griflilhs (1053), 
Runcorn (1054), Stoyko (1053) and Tuve (1053). 

Note (49) (p. 334). Fubidium-Slronlium Method. — ^Thc fact that this 
method yields ages considerably higher than those obtained by the lead 
isotope ratios is curious. The latter appear to have a limit at somewhat 
more than 2,100 million years. Wcthcrill (1053) considers that with 
increasing age of a uranium mineral neutron fission increases in import- 
ance, setting a limit to the obtainable rasult. 

Note (50) (p. 341). Further work on these lines has been done by 
Hough (1053), Arrhenius (1052), Kidlenberg (1053), Phlegcr cl al. (1040, 
1051, 1053) and Pettersson (1053), and a valuable summarj' is to be 
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found in the Report of the Committee on the Measurement of Geologic 
Time for 1953-4, p. 18. 

Note (51), (p. 341). Half-life of radioearbon. — Half-life determina- 
tions require much time and a very high degree of experimental accuracy. 
It is, therefore, not surprising that the half-life of Carbon 14 is not yet 
accurately known. At present Libby favours the value of 5568 ± 30 
years (Engelkemeir and Libby, 1950). The earlier value was 5720 ± 37 
years (Engelkemeir, Hamill, Ingram and Libby, 1949). In practice it 
gave far better results on specimens the age of which was known. 
Several other values have been obtained recently as shown in the 
following list; 


Previous * best value ’ 
Engelkemeir et al. 
Engelkemeir and Libby 
Hawkins el al. 

Jones 

Miller el al. 

Miller el al. 


5G87 ± 100 years 
5720 ± 47 years 
5568 ± 30 years 
6360 ± 200 years 
5589 ± 75 years 
6360 ±3% years 

(one type of counter) 
5513 ± 3% years 

(another type of counter) 


The high accuracy required for radiocarbon dates makes an accurate 
knowledge of the half-life an important matter. 

Note (52), (p. 342). Presentation of radiocarbon results. — It is perhaps 
necessary to point out that the results as published by Dr. Libby and 
his team ore given in years ago with a d: error of a certain number of 
years. The error is the standard deviation (1 a) and consists solely of 
the error of counting random events, in this case radioactive disintegra- 
tions. Other errors involved in the method can be assessed mathe- 
matically, but the true error is likely to be larger than the one given. 
One a implies that one in every three determinations is liable to fall 
outside the limits given. A figure like ± 250, therefore, does not 
indicate the limit within which the age of the specimen must be, but 
merely that there is a two to one chance that the actual date lies within 
these limits. These figures have been misunderstood in archaeological 
circles and it is important to realize that the margin of error as described 
by the standard deviation is much wider tljan is often assumed. 

Note (52a) (p. 846). The method and its results have been reviewed 
and summarized from time to time, so that the reader who •ivishes to 
obtain more detailed information will find it readily available (Libby, 
1955 ; Libby and Arnold, 1951 ; Johnson, 1951 ; Zeuner, 1951). 

Note (53) (p. 347). Age of the Earth and the Solar System . — ^For 
further information, see Jones (1949). A sample of magnetite from 
Larder Lake District, eastern Canada, has yielded a helium-age of 
2,400 million years (Hurley, 1949). 

Note (54) (p. 847). Kinematic and dynamical time-scales. — Milne 
(1937a, b, 1938) has put forward the hypothesis of two different time- 
scales for the universe {' f-time ’ and ‘ r-time ’). Briefly it is based on 
the fact that the Doppler effect (shift towards the red end of the spectrum 
of distant nebulae) can be interpreted in two different ways. If it is 
regarded as due to a recession of the nebulae, i.e. if the universe is thought 
of as expanding (Eddington, 1932), then the universe was born (‘ created ’) 
at a definite moment in the past which can be calculated from the red- 
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shift. This ‘ birth-date ’ is usually given as 2 x 10* years ago Tlie 
value is very uncertain and probably larger, though the order of the ninth 
power of ten is probably correct. The time of such expanding universe 
is measured by kinematic or ‘ f-time 

On the other hand, if the universe is considered ns stationarj-, then 
the red light of the distant nebulae is due to the fact that this light was 
emitted a long time ago, when the characteristic frequency was smaller 
(on the T-scale). A stationary universe is infinitely old. It keeps 
dynamical or ‘ r-time ’• 

Tliis distinction between two scales of time is more than a fanciful 
way of looking at the universe. Radiation keeps /-time, but the move- 
ments of the heavenly bodies as described by Newton keep r-limc. 
This has an important consequence for the earlier part of geochronology. 
Our year as defined by the rotation of the earth around the sun is a 
T-year, but our radioactive clocks arc radiation clocks which keep /-time 
(Milne, 1937a, p. 348). Tlie difTcrcncc causes no trouble if short periods 
only are under consideration. But, ns Haldane (1945) has shown, the 
matter becomes serious when one goes back to the early part of the 
history of the earth or of the universe. 

It should be clear from what has been said that for verj’ old rocks, 
the age estimates based on radioactive decomposition (giving %'alues in 
kinematic or t-years) ate not identical with those which would have been 
obtained, had it been possible to establish the age of the same rocks 
in dj'namical or r-ycars. The amount of the difference between /- and 
T-years depends on the age of the universe on the /-scale (l^), and the 
transformation formula is ; 

T == /„ log (///c) •+ to 

From this, the following specimen values arc obtained, for two 
alternative values for tj (2 x 10’, and 3 X 10’ /-years, respectively) : 



i 

f-ytars 

T»ycar* 


((, - 2 X 10’) 

((, - 3 X 10*) 


Base of Cambrian 

500 million | 

571 million i 

547 million 

Pre-Cambrian 

1,000 „ , 

1,380 „ 

1.210 „ 

It ! 

1,500 „ ! 

i 

2,7*3 ,, 

2.079 „ 


If Milne’s conception is right, and if /(, does not prove to be rather 
greater than workers at the present consider it to be, then Pancth’s 
high age estimates for meteorites cannot be real, but must be due to 
the presence of primary helium or some other cause. 

For a time the age estimates for the earth’s crust appeared to confirm 
that to was of the order of 2 x 10’, and this was even accepted by Milne 
(1937a, p. 328) as showing that radioactive clocks indeed keep kinematic 
time. But Holmes’s new results (1947c) suggest a minimum figure of 
about 3 X 10’, and the most recent astronomical resnsion, 4 x 10*. 

Holmes (1947d, p. 148) tried to make use of the increase of the 
constant of gravitation which takes place on the /-scale, in order to 
account for the phenomenon that sub-crustal processes have become 
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more vigorous since the Cambrian. He came to the conclusion that 
what evidence there is suggests no great change in the gravity constant, 
and that the gravity constant has in any case not varied sufficiently to 
explain this increase of internal activity. 

Note (53) (p. 348). Argon Method . — The argon method of estimating 
ages is a new development which is likely to help with the higher ages. 
It is based on the decay of potassium (K*“). It was first suggested by 
Evans (1940), and the summary is to be found in Rankama (1954). 
K'‘“ changes into A*® and, since argon is heavier than helium it is likely 
to diffuse less quickly from the rocks. Two stony meteorites were 
studied by this method by Gerling and Pavlova (1954), and their result 
(3-0 X 10®) compares well with the age found by Holmes for the crust 
of the earth. Other meteorites, however, dated by Suess, Hayden and 
Inghram (1951) turned out to be less than 73 miUion years old. 

The method lends itself to the study of common potassium-containing 
minerals such as felspar, but the difficulties prove to be considerable. 
Fleming and Thode (1953) point out that A derived by fission from 
uranium must not he present, so that uranium-containing rocks are 
imsuitable. Centner et al. (1953) found that diffusion of argon can be 
considerable, at any rate in potash salts, where the loss may amount to 
as much as 25 per cent. 

Sev’eral other radioactivity dating methods liave been proposed, for 
which see the Report of the Committee on the Measurement of Geologic 
Time for 1953-4. 

Note (56) (p. 348). Paneth (1953) has developed and changed his 
views in accordance ■with the e-vidence available. The mass spectrometer 
has established the presence of as much as 18-23 per cent, of He 3 (calcu- 
lated in per cent, of He^). Only He 4 is radiogenic, whilst both Hej and 
He, are produced by cosmic radiation. Allowing for this fact, the 
majority of the results are reduced to rather less than 1000 million years. 

This matter touches upon the problem of the age of the universe, 
■\vhich is much under discussion. On the whole, estimates tend to con- 
verge to'vvards a value of 5-10 thousand million years, but the indi'vidual 
estimates are liable to criticism. One such method, based on the age of 
the meteorites, has been discussed. 

Estimates based on the ages of the two isotopes of uranium have given 
4-5 thousand million years for terrestrial material, and it is generally 
believed that the sun (and the universe) are not very much older. 

The age of the stars suggests a minimum of 6-5 thousand million years, 
and the stability of binary stars a maximum of the order of 5 thousand 
million years. 

The red shift of the spectra of nebulae, following recently revised 
calculations by the staff of Palomar Observatory, which for some time 
was regarded as limiting the age of the universe to 2,000 million years, 
now suggests a minimum of 4,000 million years. 

Summaries : Beet, 1954 ; Carpenter, 1955 ; Hoyle, 1956 ; Jones, 
1953 ; Opik, 1954a, b. 

Part V. EvonxmON and Time 

A ote (57) (p. 366). Oldest knoion life . — ^Rankama (1954) studied the 
isotopic composition of carbon in shales from the Rice Lake District of 
15 
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the Canadian Sliicld. He also upholds the biogenie character of Cori/. 
citim, possibly an alga, from the pre-Cambrian of Finland. The Canadian 
shales gave the earlier date, 2-53 thousand million years. 

Holmes argues that certain algal structures discovered by Maegregor 
(1031) in graphite limestone of the Bulnsvaynn Series, Rhodesia, arc 
dated by pegmatite intrusions. These gave dates around 2,610 million 
j'cars — the oldest rocks so far knosvn. The sediments must be older still, 
and Holmes assigns to them a minimum of 2,700 million. 

Note (58) (p. 302). Time in Ecotution. — The methods of presentation 
used by Simpson (1944) and Small (1045-8) arc so different from those 
adopted in the present chapter that it was found impossible to develop 
a synthesis of the three approaches without completely changing the 
character of the chapter and without introducing a highly tcchnlc.al 
discussion, out of place in a book like Dating the Past. It would be 
unfair, however, not to point out the significance of the valuable work 
done by these authors. 

Simpson’s work is concerned mainly with the modes of evolution 
and with relative rates of changes. He mentions, however, that the 
average period of existence of a genus ivas 5-0 million years in the line 
of the horses {Hyracothcrium-Equus), 5-D million years in the chalico- 
theres, and 20 million years in Triassic and earlier ammonites and 
78 million years for bivalve mollusca. A minor geographical race of a 
seal (Phoca vitulina) is reported to have become isolated in a Canadian 
freshwater lake some 8,000 to 8,000 years ago. 

See also Schmalhauson 1043 (rates of changes in various groups), 
Meyer, 1047 (an hypothesis of accelerated evolution), Kuhn, 1048 
(species concept and time), Zeuncr, 1040, 1040 (further data relating 
to Ch, XII), Haldane, 1949 (quantitative measurement), Parker, 1049 
(rates of changes in snakes), and Zeuncr, Small and Scliindcwolf (1031). 

Note (59) (p. 308). Aromorph in the evolution of Homo. — The two 
most striking ditTercnccs between man and ape are (a) the superior 
development of the brain in man, and (6) tlic completed change in man 
of the principal function of the fore-legs from locomotion to seizing 
and handling objects. In the monkeys and apes both changes arc 
observed in an incipient state. At first sight they appear to be the 
result of two independent evolutionary trends, but they can be explained 
as the consequence of one primary change. Locomotion with the aid of 
the hind-legs only implies a modification of the vertebral column, which 
developed two concavities (lordoses) placing the centre of gravity above 
the pelvis and relieving the fore-legs entirely of their original function 
of locomotion. Compensating the erection of the body, the occipital 
foramen is placed on the underside of the skull in man, so that the 
direction of sight is at right angles to the direction of the vertebral 
column (Icyphosis of the base of the skull). The inevitable consequence 
of this kjTpliosis is that space has become available for the development 
of a large brain. The great development of this organ in Homo, there- 
fore, can be interpreted as the result of Ins erect posture. This has, I 
believe, first been suggested by Cunningham (1880) and elaborated by 
Weidenrcich (1924). 

Other workers consider the shape of the human skull, dependent 
on the large brain, as the primary feature which entails all others 
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(Dabelow, 1031). The large brain is regarded as an embrj'onic character 
which, by gradual retardation of development, has been shifted into the 
adult stage (Theory of Foetalisation of Bolk ; compare Schindewolf, 
1931, p. 46 ; Haldane, 1932, pp. 28, 149 ; detailed critical discussion in 
Wcidenreich, 1941, p. 468). The view outlined in the preceding para- 
graph, however, is the more probable, since there is palaeontological 
evidence that ‘erect posture’ preceded the full development of the 
brain. Weidenreich (1940), who has studied the large material of 
Homo credits pekinensis (Black) (‘ Sinanthropus about 40 individuals) 
and of Homo crectus erecius (Dubois) (‘Pithecanthropus’, about six 
individuals), has been able to show that the leg-bones of these primitive 
men were already similar to those of modem Homo sapiens, whilst their 
skulls were still comparatively much more primitive. Erect posture, 
therefore, was perfected more rapidly than the enlargement of the 
braincase. 

Since this was postulated, partly on a theoretical basis, partly on 
the meagre palaeontological evidence then available, the investigation 
of Australopithecus by Le Gros Clark (1949) has provided ample con- 
firmation, on the assumption that this, as yet geologically undated, group 
of fossils from South Africa proves to be pre-Pleistocene. The Dryo- 
pithecine femora wluch may be interpreted as suggestive of upright, 
or semi-upright, posture extend the aromorph well back into the 
Tertiary. 

The aromorphosis of man in the wider sense was, therefore, spread 
over a period longer than one million years. It is first indicated in the 
Dryopithecus and Proconsul group of Miocene age. The critical point 
was reached when the fore-legs ceased to be used for locomotion, and 
the genus Homo should, theoretically, be reckoned as beginning at this 
stage. Since lower Pleistocene man had the erect posture in nearly the 
same perfection as Recent man, the critical point must have been 
reached earlier than this. From this point of view, Australopithecus 
will prove to be of great interest (Le Gros Clark, 1947, 1949). 

Note (00) (p. 398). Qualitative differences in genetic mutations. — It is 
remarkable that studies in genetics also have in recent years led to the 
conclusion that evolution does not proceed more or less evenly by 
innumerable small steps, but that there are qualitative differences in the 
mutations involved. This has been forcefully elaborated by Goldschmidt 
(1940), whose view may be stated partly in his own words (p. 199) ; 
‘ Microevolution by means of micromutation leads only to diversification 
within the species ’ and ‘ The large step from species to species ’ (and 
from a lugher categorj’ to another higher category) ‘ is neither demon- 
strated nor conceivable on the basis of accumulated micromutations.’ 
The latter kind of step is called systemic mutation by Goldschmidt. It is 
improbable that this sharp differentiation between mutations producing 
subspecies and those producing species can be maintained, but it is 
at least evident that certain results of modem genetics support the 
view that qualitative differences mark the beginnings of new lines of 
evolution. 

Simpson (1944) disagrees with Goldschmidt but he proposes to 
distinguish ‘ megaevolution ’ which occurs among small populations that 
become preadaptive and evolve continuously at exceptionally rapid 
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rates to radically difterent ecological positions. The * prcadnptive’ 
quah'ty of the initial changes thus determines the new direction of 
evolution. 

Note (01) (p. 390). Itaditttion producing mutations . — Since H. J. 
Muller found in 1020 that radiation nffccts the chromosomes and tliat 
the effects arc inherited according to Mcndclian rules, much experimental 
•work has been done. The vast majority of mutations produced hy 
irradiation with X-rays arc pathological or lethal, but some arc harmless, 
and a few may even be advantageous. It is important to realise that 
there is no threshold dose for this iniluencc of radiation on the constitu- 
tion of a living body. The rate of mutation is simply proportional to 
the amount of radiation. ^lorcovcr, neutron radiation is more cfTeclive 
than X-rays. Since cosmic rays produce neutrons, and must be regarded 
as a factor forming part of the environment of a creature, it is con- 
ceivable that its influence on the genetic constitution of animals and 
plants under natural conditions is not entirely negligible, cspcciallv in 
mountainous regions. Thus, an environmental factor can produce a 
new character. It may be called an acquired character, if the species 
invaded the new territory and thus exposed itself to this factor. But 
such new character is inheritable from the start and will spread through 
the population according to well-known rules. 

Certain chemical substances, such ns iodine or fluorine, have an effect 
on the constitution of animals. The amounts in which they arc present 
in nature vary, and there are other environmental factors. It is con- 
ceivable that the cytoplasm of the organism becomes adjusted to the 
presence of a certain amount of such a substance and that this adjust- 
ment is included in the structure of the chromosomes only in the course 
of long periods of time and by mechanisms about which we know very 
little at the present. Some palaeontologists and biologists hold that 
this kind of physiological influence is more important than is generally 
assumed. It is, for instance, conceivable that the intensity of use of 
a certain organ is recorded in the individual’s physiological constitution 
and that this in turn has an effect on the chromosomes. Some such 
process might after all make it possible for ‘ acquired ’ characters to be 
incorporated in the genetic make-up of the species. 

There arc other possibilities in the psychological field, such as habits 
developed in response to environmental conditions influencing internal 
secretion, and thus the physiology of the body. 

After this note was WTitten an essay on the biological effects of radia- 
tion, especially those affecting chromosomes, was published by Kilkenny 
(1951). C. II. Waddington (1053) is developing a hj'pothesis to explain 
how acquired characteristics may become hereditarily fixed by a process 
of ‘ genetic assimilation ’. 
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Aomoscn, 70 
Aare delta, 134 
Abbe^^Ile (Somme), 129 , 167 
Abbevillian, 153, 1C7— 9, 171, 185, 188, 
192, 202, 2S4-C, 288, 292-3; 
(Africa), 239 
Iberg, N., 80, 435 
Abies alba, 221 
Abitibi riv'er, Ont., 33 
Ibo, 83 

Abri Audi, SOG ; Pataud, 345 
Absolon, K., 151, 438 
Absolute Chronology (Pleistocene), 110 
Abyssinia, 208 
Afafora, 180 

Acanihimila aculeala, 417 
Achen, IIG 

Aclienheira, 158, 290, 416 
Acheulian, 155, 158, 164, 167-71, 173, 
189, 191, 193-8, 202, 209, 215, 229- 
231, 238, 242, 246, 250-1, 255-9, 
208, 276-7, 282, 285-90, 292-8, 
804, 806, PI. XII ; (distinction of 
late from middle), 197 ; (sub- 
divisions), 285-6 
Acheulio-Le-valloislan, 246 
Achilles, K. A., 411, 448. 

Acquired characters, 398, 432 
Actinium, 319 ; Emanation, 328 
Actino-UTaniam, 319, S27-S 
Adam, K. D., 298, 467 
Adam, W., 281, 467 
Adaptive phase, 805 
Adda Valley, 403 
Afontowa Gora, 163, 165 
Aftonian, 155, 851 
Age of the Eartli, 477 
Aggradation (of gravels), 125, PI. 
XIII A ; (under tropical condi- 
tions), 2M 
Aggsbachian, 419 
Agatha, 810, 867, 368, 393 
AgrioUmax agreslis, 417 
Aliaggar, 209 
Alircns, L. H., 833-4, 477 
A^nsburg culture, 50, 75, 84, 152 
Air (Sahara), 269 
Alam el Haifa bar, 233 
Alam Shaltut bar, 233 
Alaska, 832 ; (host soil), 119 
Albedo, 406 


Albian, SIO 

Alder, 57-8, 60-1, 65, 88, 92-4, 104 
Aldingbourne, 196 
Aldrich, L. T., 482 
Aleutejo, 181 
Alexandria, 233 
Algae, 810 

Algeria, 127-8, 236, 270 
Algiers, 128, 236 
Algoman, 309 
Algonkian, 309 
Algonquin, 357 
Algonquin Lake, PI. VI A 
AUerbd oscillation, 62, 65-7, 73-5, 
84-5, 04, 103, 106-7, 344, 414 
Alnus, see Alder 
Alopex lagopus, 182, 210 
Alpine area (division of Pleistocene), 
118, 183, 411 ; chough, 236 ; 
cycle, 358 
Alps, 860 
Amce, 117 
Altai, 208, 878 
Adtterrasse, 155 
Amandelhoogte, PI. XVIH S 
Amber Trade, 80 
Ambersham 'Terrace, 181 
Ambroggi, R., 181, 452 
Amiens, 168-70, 173-4, PI. XII C 
Ammonites, 910 
Amphibia, 810, 365, 367-8 
Amur Province, 379 
Anatolia, 294 

Aneylus Lake, 49, 52, 83-5, 359, 403 
Andersen, S. A., 36, 435 
Anderson, E. C., 341, 402, 477 
Andrde, J., 148, 150, 162, 452 
.^gara river, 165 
Angerman river, 26, 42, 45 
Angiosperms, 310 
Anglo-Egyptian Sudan, 269 
Angot, 138 

Antar^ca (Continental Drift), 362 
Antepenultimate Glaciation, 100, 115, 
140, 145, 191, 277, 284-6, 288; 
Interglacial, 145, 167-8, 185, 277, 
284-5 

Antevs, E., 7, 8, 11, 15, 17, 20, 29, 
31-8, 41, 43-4, 282, 340, 351, 402, 
406, 433, 435, 436, 467 
Anticyclone, glacial, 112 
491 
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Antrea, S3— 1, 63 

Antrim. S27 

Anjmtliian, 277 

Anzio, 210 

Ap«s, 309. 003 

Aphelion, 130 

Appalncliian, 03S 

Aptcrj'gota, jfe ^Yinglcs3 Insects 

Aptian, 310 

Apuan Alps, 214, PI. XVI A 
Apulian, I’l. XVII 
Arabia, 2 IS 
Arabs Gulf, 233 
Aramlxjiirg, C., 24S, 298, 407 
a-ra>'S, 317-18 

Arcliacological chronology based on 
geology, 140 
Archacozoic, 303, 309 
Arctic fox, see Alopex lagoptts 
Arcnlias do JIar, 180 
Arenigian, 307 
Argand, 303 

Aigilc rouge, 122, 133, 108-9, PI. 
XII B 

Argon method, 348, 429 
Arianta arbttslonim, 417 
Arion, sp., 417 
Arizona, Pis. II, III 
Arizona pueblos, 12 
Arhcll, IV. J., 232, 400 
Armstrong, A. L., rii, 197-202, 259, 
452, 407 

Arnold, J. R., 341, 3-40, 427, 477 
Aromorplis, 393, 398, 430 
Arrabidn, 181 
Arrhenius, G., 420, 477 
Arrol, W. J., 347, 348, 477 
Arthrodira, 310 
Artiodactylcs, 308 
Artmann, 400 
ArcicoJa, 394 
Ashgillian, 310 
Asklund, B., 430 
Astian, 277, 270, 490 
Astronomical cvclcs for nge esUmntes, 
13-1; llicory, 205-0, 411-2 
Asturian, 181 
Atalantis, 3 

Atelier Commont, 170-1 
Aterian, 180, 240-7 
Atlij-ridae, 373 
Atlantliropns, 298 

Atlantic Coast, Cl-2, 05, 73, 90-0, 
102-3, 108-9, 127, 100, 454 
Atlitian, 230-1, 239, 287, 290 
Atomic sveights, 319, 327 
Aufrtre, L., 209, 407 
Ault du Mesnel, G. d’, 107, 432 
Aunjetitz, 80 

Aurignacian, 151, 153, 153-0, 159-01, 
103, 103, 109, 172-4, 190, 193, 100, 
198-200, 201-21, 230-1, 237-40, 
422-4, 230-1, 237, 234, 280-7, 


291-2, 29t, 303, PI. XVI A ; (co- 
existence with I>c%-aIIolsian). 239 ; 
(contcmpo.rarj- «illi .Moustcri-anl’ 
203 

Australasian Arcliii>elago, 301 
Australia, 280-2, 302 ; (date of 

immigration), 281 
Australoids, 281, 297 
Australopilhecut, 303, -431 
Aus'ergne, 131 
Avcline’s Hole, 228 
Avenue dc Boa vista. ISO 
AvelcjTa, L., -IOC, 407 
Ayrupaa, A., see Europaeus, A. 

.'Izeea menheana, 417 
Azilinn, 237 

Azilo-Tnrdcnoisian, 201, 202 
Azoic, 308-9 


Babbage, C., 400, 433 
Bncksvnter (Walton), 07 
BnesAk, Gy., -Ill -,3, .1-18 
Bacteria, 304 

Bacterial growtli curs-e, 370; evolu- 
tion rates, 393 

Baden-Powcll, D. K, W., 189, 107, 420, 
433, 457 

Baechler, E., 153, 433 
Bagge, A., 403, -130 
Baikal Eake, 103 
Bailey, E. B., vii, 430 
Bain Boulder Bed, 270-7 
Baker's Hole, 103-1, 420 
Balbal depression, 257 
Bali, J,, 232, 402 
B.aU, n., 137, 448 
BallybcUagli, 102 

Baltic (End Moraine), 20, 31-2, 113, 
see also Pomeranian ; Ice Lake, 
28, 32, 43, 47, 49, 50-1, 53, 82, 81, 
83, 403-1 

Bambata Cave, 259 
Banks, M. B., 37, 430 
Bannisdnlc slates, 313 
Bara Eilla Bog, 82 
Bara loop, 20, 30, 31 
Baramosse, 83 
Bnrentsen, G. IV., 483 
Barker, II., 313, 477 
Barkly West, 200, PI. XX A 
B.arm.a Grande, 212 
Barnficld Pit, 101-2 
Barral, S., vii 

Barrel!, J., 308, 313-15, 354, 430, 477 

Barrcmian, 310 

Bars, marine, 233 

Barth, F., 338, 477 

Basalt, 323, 327 

Basement Beds, 18-4-5, 187 

Biisket-makers, 12, 33 

B.asse Terrace (Somme), 17-1 

Basses Pyrinte, 230 
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Bate, D. M. A., vii, 208, 229-30, 230, 
243, 248, 305, 421, 402, 405, 407 
Bateson, S., 479 
Batholith, 324 
Bau, lY., 453 
Bauiig, H., 353, 477 
Bavaria, 116 
Beaker period, 98-9 
Beaufort (Sandstone), PI. XX B; 

(lYcst), PI. XX B. 

Beaver, 182 

Beek, P., 110, 133, 139, 153-5, 405, 
448, 453 

Becker, C. J., 405, 408, 430 
Becqdrel, 317 

Beecli, 58, 03, 05, 87-9, 90-3, 104-5 

Beet, E. A., 429, 477 

Beetles, 305, 393 

Bclcrouet Bay, 178 

Belfast, 39 

Belgium, South, 00 

Belloy-sur-Somme, 174 

Bemmclen, R. W. van, 300, 400 

Benton Beds, 313 

Bering Straits, 282 

Berlin, 21, 114, 152 

Bern, 104 

Bcrtscli, K., 59, 07, 80-8, 105, 109, 436 
Bettenstaedt, 38 

Belttla, see Birch ; B. mna, 76, 87 ; 

B. pubcsceus, B. venucosa, 74 
Bicker, 148 
Bideford Bay, 97 
Biennial maxima, 25-0, 39-41 
Bigot, briquettcrie, 172-3 
Bikini Lagoon, 344 

Billingen Gap, 50-1, see also Mt. 
Billingen 

Bipartition of ice, 22, 26, 30, 33 
Bir el Djezira, 423 

Bird!, 57-8, 00-2, 65, 07, 73-5, 85, 
87-9, 94, 102, 104-5 
Bird Arrows, 60 
Birds, 309, 305, 307-8 
Black, Davidson, 273, 407 
Black, Hills Cycle, Dakota, 309 ; 
Magnetic mine, 332 ; Rock, 197 ; 
Sea, 294 ; earth, 450, see Cher- 
nozem 

Blackburn, K. B., 445 
Blade cultures, 284, 286, 805 
Blagodat, 332 

Blanc, A. C., vii, 214 ff., 230-7, 240, 
242-4, 295, 402, 404, 407, PI. 
XXIV B ; G. A., vii, 223-5, 244, 
294, 403 

Blj-tt and Semander, 57, 59, 60, 02, 04, 
73, 75, 93 
Boa Nova, 180 
Boat-axe culture, 86 
Bodmin Moor, 94 
Bognor Regis, 197 
Boliemia, 325 
17 


Bok, J. Bart, 478 
Bonacina, L. C. W., vii 
BonC-Osmolowskij, G., 163-4, 453 
Bond, G., 259, 408 

Bone, beds (Crags), 284 ; implement, 
157 

Bony fishes, 310, 365, 308 

Boris, 104 

Bordeaux, 378 

Bordes, F., 172, 419, 453 

Boreal phase, 61-2, 65, 08, 73, 75-6, 

85, 93-5, 101-4, 107, 350, 354 
Bos, 394 

Boston, Mass., 36 

Boswell, P. G. H., vii, 183-5, 252-4, 
390, 453, 468, 480 
Bothnian Gulf, 48 
Boucher de Perthes, hi., 167, 453 
Boulder beds, 254 ; conglomerate, 275, 
279 

Boule, M., 129, 164, 200-8, 453, 464 
Bourcart, J., 179, 453 
Bowler-Kelley, A., vii, 290, 468 
Boyerton, 332 

Braehiopods, 310, 358, 362, 365 
Bradley, W. H., 38, 44-5, 313, 336, 
436, 478 

Braintree Line, 420 
Bramford Pit, 184 
Bramlette, 339 

Brandenburgian, 80, 113, 115, 133, 
155, PI. IV B 

Brandtner, F., 400, 411, 418, 448, 458 

P-iays, 317-19 

Brazilian Embassy, viii 

Brea, L. B., 213, 464 

Breckland, 190 

Breslau, 350, 380 

Breuil, H., vii, 149, 166-7, 169-72, 178, 
101-2, 204, 208, 223^, 259-60, 
265, 273-4, 285, 288-9, 295-0, 420, 
452, 453-4, 464, 468, Pis. XVIII 
A, XIX B 

Breuil and Koslowski, 167, 169-71, 
174-5, 454 
Breusch (River), 408 
Bridgewater Treatise, 400 
Brienz Lake, 134 
Brighton, 196-7 

Britain (Postglacial chronology), 108 
British, Columbia, 332 ; Museum 
(Natural History), vii, viii. Pis. 
XXII A, XXIII ; Pleistocene, 
118 ; Standards Corporation, viii, 
PI. I 

Brodel soils. Pis. XI, XII A 
Bromme, 74, 409 

Bronze Age, 05-6, 71, 79-80, 84, 87-9, 
93-7, 99, 104, 108 ; Beaker folk, 
81 

Brooks, C. E. P., 43, 411, 437, 448 
Brouwer, A., 412, 448 
Brouwer, H. A., 300, 478 
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UroTm, Parritim, 05 
Drown, K. ^Y., 47S 
Bro^Tn, J. A., 4GH 
Bron-n Bear, see Vrsus ctcIos 
Browncarlli, 125—1, 050 
Bro>:l)Oiimc, 40!> 

BrOckner, E.. 115-17, 132, 13J, 450 
Brunclon, lOt-5 

Bn-nn, Kirk, 31-C, 2S2, 437, 408 
Bn.‘cc Canyon, Utah, 353 
Bryssinc, G.. 455 
Bubnoff, S. V., S3S, 478 
Bucliau, 401 
Biiclicr, \V. H., 358, 478 
Buenos Aires, 302 
Bulil, lie 

Bulnwnv.an Series, -130 
Bulbni’ E. C, 478 
Bultcl-Tcllier (caniire), 108, 100-70 
Buntcr, 310 

Burchell, J. P. T., vii, 188, 190, 193-5, 
420, 437, 451, 458 
Burdo, C., 420, 451 
Buried Channel, 130-1, 133,174 
Buried soils. 123 

Burkitt, Miles, C., vii, 07, 08, 90, 211, 
4-17, 408 
Burma, 270-7 
Burnet Cave, 85 
Butlcyan Bed Crag, 390 

Cabo Negro, 423 
Caddis dies, 305 
Cagny, 171, PI. XII C 
Ciullcux, A., 398, 480 
Cailloutis, 107 
Cainozoie, 308-9, 314, 3-18 
Cairo, 2.32 

Calabrian, 185, 350, 300 
Calais, 100 

Calathiis fuscipcs = cislehitles, 102 
Caldcnius, C, C., 37, 39, 437 
Caledonian, 358 
Glikin, J. B., 197, 451 
Callunn, Peat, 50 
Calms, 200 

Caloric equator, 200-8, 270 ; (Java), 
278 ; (nortliward displacement), 
209; (southward displacement), 
271 ; lialf years, 138 
Cambium, C 

Cambrian, 309, 314, 331, .3-18, 357 
(Glaciation, Australia), 30 
Cambridgeshire, 190 ; Fenland, see 
Fcnland 

Cameron trading post, PI. Ill B 
Canada (Folsom artifacts), 35 
Canadian shield, 325 
Canale Mussoline, 220 
Canandaigua, 0 
Candidula profugo, 221 
Canis, 394 
Cannstatt, 127 


Canonic units, 1 tO-l 
Cap d’Espichcl, 180; Si. Vineent 
180 

Cape Arkon.a, 317 ; Gris Ner., 100 • 
Tonn, 302 

Capra eaml/tirgerutif, C, Idrats, C. t!« 
ibes, C. i. nubinnn, C. i. pyrmnfre. 
C. i. !n-er(ztr.ci, C. t. sibirica, 
C. pusea, 383 
CapreoUts, 391 

Capsinn, 211, 227, 238-9, 21 1-,'., 251, 
280, 291. 295 
Capso-Tardenoisian, 2 17 
Carotlocian, 310 

Carlton 14, sre UadioacUve Carbon 
Carboniferous, 309, 312-13, 329. 332-3, 
IMS, 357 

Cardium rdiilr, 99 
Carihhe.an, 310 
Caricctum peat, 74-5 
Carnot, A., 414, -152 
Caqtatliians, 380 
Carjtcntcr, E. F., 429, 478 
Cnrpcnticr, carritre, 107 
Carpirttts, see Hornbeam 
Carrefo, ISO 
Carrion crow, 388 
Carstenz Bangc, 300 
Carstonc nodule Itcd, 259 
Cartailhac, B., 431 
Carter, G. I'., -lOO, .137, 408 
Caryeliium winimitm, 417 
Castclo do Quel jo, 181 
Castile Formation, Texas, 37 
Custillo Owe, 2.37, 238, 210, 218, 
291 

Caton-Thompson, G., 232, 210-8, 401, 
408 

Cave Bear, see Ursiis spelaeus 
Cenomanian, 310 

Central Swedish Moraines, 28-32, 49, 
51, 81, 100 
Cepnea, 370 

Cepnea nenwralis ; horlensis ; sylva- 
lien, 417 

Ccphalopods, 310 

Ccratobnmchialc, -hyalc, -labialc, 
-mandibnlarc, 395 

CcTVus elaphiis atlanticus, C. e. harbarus, 
C. e. corsicanus, 378 ; C. e. ger- 
maniais, 377-8 ; C. e. hispnnictis, 
C. e. jerseyensis, 078 ; C. e. 
seotiais, 377-8 
Clmldcnns, 3 
Cliambcrlain, T. C., 478 
Cbampc, J. L., 433 
Clinncclnde, 299, 302-3, 305 
Chandler, B. H., 191, 451 
Clianncl Islands, 120 
Clmnncls (Neolithic, Walton), 99 
Charlesworth, J. K., 89, 437 
Clmrnian, 358 
Chatclpcrron, 302, 425 
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Chfitelperronian, 173, 239, 242-4, 284, 
201, 293-4, 296, 425; (East 
Africa), 251 

Cheliian, 167, 250-3, 257 ; (Commont), 
285 ; Chellian of North Germany, 
149 

ClieUio-AcheuIian, 256 

Chernov, W. K., 39, 445 

Chernozem, 123-4 

Chespeake Mine, 332 

Chestnut, American, 70 ; soils, 123 

Chicliester, 196-7 

Chiemsee, 89 

ChiMc, V. Gordon, vii, 54, 77, 79-81, 
84, 437 

Chillesford Crag, 183 
Chinese Computations, 4 
Chondrostei, 371 
Cbondmla iridens, 417 
Clioppcr— Chopping-tool industries, 304 
Choubert, G., 128, 182, 298, 411, 448, 
454-5, 409 

Choukoutien, 273-4, 282, 303 
Chudeau, R., 269, 469 
Cicadas, 893 
Cilelltts mttsiciis, 3S2 
Claclo-Abbevillian, 180, 287 
Claotonian, 147-9, 153, 155, 158, 164, 
108-9, 171, 189-93, 195, 197, 
201, 202, 210, 238. 259, 277, 
279, 285-0, 288-90, 292-3, 804 ; 
technique, 270-7 ; ‘ Clactonian- 
Acheulian 190 
Clacton-on-Sea, 97-9, 192 
Clark, J. D., 259, 298, 409 
Clark, J. G. D., vii, 71-3, 76, 82, 84, 94, 
101, 408, 437, 447, PI. V B 
Clark, ^Y. E. Le Gros, 191, 300, 431, 
409, 480 

Clarke, W. G., 185, 455 
Claj-ton, H. H., 16, 18, 433 
Clermont (Oise), PI. XII B 
Clifford, M. H., 71, 94, 437 
Climatic, differences (vrest and central 
Europe), 106 ; fluctuations (time- 
rates), 355-0 ; optimum, see Post- 
glacial ; phases (general termino- 
logy), 125, sec also Glacial phases ; 
rhytlim of rivers, 124, 273 
Climatogram (South Africa), 201 
Clinton, de Witt, 0 
Clovis, New Jlexico, 35 
Club-moss trees, 310 
Cljpeastridae, 374 
Clypeus transgression, 83 
Coal measures, 310 
Coblentzian, 310 
Cochise culture, 85, 282 
CoclUicopa lubrica, 417 
Cochrane, Ontario, 33 
Cochrane stage, 282 
Cockroaclies, 305 
Coelacantliini, 370-1 


Colbert, E. H., 277, 469 
Cole, S., 249, 469 
Coleman, A. P., 36, 438 
Collembola, 365 
Collier, D., 473 

Colorado, 282, 313, 332 ; (cretaceous 
deposits with cycles), 44 
Combe Capelle, 299, 801, 302, 305 
Combed Ware, 80 

Commont, V., 100-71, 173-4, 285, 455 
Complacent rings, 9 
Connecticut river, 83, 43 
Constance, Lake, 112, 115-10, 153-4, 
161 

Contact metamorphism, 322-3 
Continental Drift (time-rate), 861-3 
Conty, 174 

Conway, E. J., 316, 478 
Cook, W. H., 195, 454 
Cooke, H. B. S.. 259, 260, 263, 265, 
284, 469 

Cooke, J. H., 107, 458 
Cool Oscillation of Last Interglacial, 
see Intra-Monastirian oscillation 
and Prewurm 
Cooling of the earth, SIC 
Coombe Rock, 171, 193-4, 196 
Coon, C. S., 243, 301, 300, 469 
Cooper, W. S., 68, 438 
Copenhagen, 104 
Corallian, 310 
Coralline Crag, 183, 390 
Corbet, A. S., vii, 372, 370, 480 
Corded Ware, 80 

Cordilleran ice centre, 282 ; Sea 
(Palaeozoic), 314-15 
Core cultures, 284—0 
Cornwall, Penn., 832 
Corral Creek, 35 
Cortaillod, 408 
Cortesi, C., 448 
Corton sands, 183, 189 
Cowus cornix, C. corone, 388 
Corycium, 398 
Corylus avellana, see Hazel 
Cosmic rays, 341, 419 
Cotencher, 153-4, 381 
Cotte a la Chhvre, 175-8, PI. XIV B ; 

de St. Brelade, 175, 178 
Cotton, B. C., 409 
Cotton, M. A., 191 
Cotylosaurs, 310 
Couplets, 312 
Covehithe, 354 
Cracow, 150 

Crags (East Anglia), 118, 183-4, 285, 
288, 390-1 ; industries, 188, 292 
Crathorn, A. R., 343, 478 
Craudord, D. P., 479 
Crayford, 194 
y-rays, 317-18 
Cressman, L. S., 346, 478 
Cresn-eH Crags, 19S-6, 198-200 
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Crcswcllian, 74, IPG, 201, 202, 2SG 
CreUiccous, 310, 313, 332, 3 tS, 333, 350. 
33T 

Crciix Gabourcl, PI. XA' B 

CrimKi, 103—1 

Crocker, R. L., 409 

Croll, J., 137, 310, 401, 400. -i-lS 

Cro-Mngnon, 299, 302-3, 303, 300 

Cromer, 183 ; I'orcst Retl, 18.3, 183, 

187- 9, 193, 377-8, 383 ; Till, 183, 

188- 9, 192 

Cromcrian, 183, 1S7-S, 202, 283-0 
Cross-dating tree-rings, 11 ; vars'cs, 21 
Crossopterj'gian fishes, 310, 307 
Crustal relief (caasc of ice-age), 330 
Crj-stalline rocks, 322 
Cultivation-steppe, 350 
Cultures (and dimatc), 399 ; (ecology), 
293 

Cunningham, D. J., 4,30, 480 
Cmn alpinus, 20.8-10 
Curie, Jt., 317, 325 
Curwen, E. C,, 190, 438 
Cushman, 343-4 
Cycads, 310 
Cycle analj’sis, 43-5 
Cj'clcs, astronomical, 133, 142 ; as 
b.osis of a-ilcndars, 4 ; of caloric 
equator, 207 ; climatic, 335-0 ; 
climatic Pleistocene, 13 1 ; in 
deposits used ns ‘ cloeks 312 ; of 
evolution, 310 ; Green River 
Formation, 33 ; Harr. Mountains 
anhydrite, 37 ; Oligoccne of Linz,, 
38 ; precession (Cretaceous), 308, 
310 : Pre-Pleistocene, 37 ; Texas 
Anhydrite, 37 ; tree-rings, 15-17 ; 
of radiation in tropics, 200 ; of 
river aggradation and erosion ns 
chronological guides, 273 ; of 
solar radiation (Quatemaiy), 307 ; 
in vars'c series, 43-4 ; in varves 
(Argentina), 43 ; of mountain 
building, 337-8 ; organic, 350-8 
Cyclops, 393 

Cyprina islandica, 237, 241 
Czcchoslov.akia, 150, 103, 291 
Czestochowa, PI. X A 
Czizck, R., 151, 452 

Dnhelow, A., 431, 480 

Dala sandstone, 30-4-5 

Dalrj’mple, J. B., 419, 4S3 

Daly, R. A., 128, 448 

Dammcd-iip lakes, 21-2 

Dana, J. D., 31-4, 478 

Danian, 310 

Daniglacial, 27, 31-2 

Danish Middle Bed. 127, 133, 155, 101 

Dannenberg, Germany, 01 

Danois, E. Be, 411, 449 

Danubian civilization, 80, 294 

JOaphnia, 393 


Darfur. 209 

Dark Ages, 402 

Darlington, England, 344 

Darm.sdcnian, 231 

Dart. U. A., 239, 409 

D.artfonl Heath, 191 

Data (Gcochron. Inst.), 438 

Dales from aan.-cs, reliabilitv of. 43 

Dating objects in i>cat (Scania), 00 

Daun, 110 

David.aschvili, L., vii 
Davies, A. Morley, 391, .|Sfl 
Dead ice surviving, 407 
Dead Sea Scrolls, 3 44 
Dcartli cj-cle (10 years), 18, 43 
Deckcnschottcr, 110-7 
Dccktcrmsse, 153 
Deep-sea sediments, 344, 340 
Deevey, E. S., 09, 70, 414, 438, 4t9 
■479 

Dchm Dun, 27-4 
Dendrochronology, 400 
Denmark (Litorina transgression), 100 ; 
(Moraines), 31 ; (Postglacial divi- 
.Sion), 73 

Denudation (time-rate), 313-14, 332 
Depdrct.C., 127-8,-449 
Dcrbvshiro, 19S, 290 
Derkiil, 103 
Devil’s Tower, 230, 42 4 
Devonian, 310, 312, 332, 348, 357 
Desvey, II., 194, 455 
Dliak Pnthan stage, 277 
Diatom ilora, 85-0 
Dicerorhimts, 394 ; I), etrusciis, 131 
D. mcrckii, 237, 210, 301 
Diccros, 394 
Dicrostonyx licnscli, 391 
Dicssenhofen moraine, 154-5, 101-2 
Dictrieh, IV. O., 387, 4-19 
Dimblebv, G. W., 408, 438 
Dines, II. G., 101 
Dingo, 281 
Dinosaurs, 010 
Dipnoi, .371-2 
Dirschel, 151, 153 
Djetis fauna, 270-80, -413 
Dnjcpr Lobe (of Sanle ice), 103 
Doak, J. B., 482 
Dobbs, C. G., 8, 9, 11, 433 
Dogger, 310 ; Bank, 04, 71 
Dogs (domesticated), 231 
Dolerile, PI. XX B 
Dolmen Ji’eriod, 00, 79, 84 
Dolnl Vestonice, 418 
Donau phases, 117-18, 133, 143, 155 
Donetz, 103 
Donner, .1. .1., '420, 401 
Doppler cITect, 3S1 
Dordogne, 140 
Douglas, Arizona, 35 
Douglass, A. E., 0-8, 11-10, 43, 402, 
433, 438 
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Doumergue, F., 23G, 4G'l 
Douro, 180 
Dover, 100 
DovginiJi, 1G3— l 
DSviken, 42 
Downtonian, 310 
Drackcniocli Cave, 153 
Drcikanter, PI. X B 
Drosophila, 303 
Dryas octopelala, 74, 87 
Dryas Time, GO, Cl-2, 05, 67, 7S-4, 76, 
84, 85, 04, 103, lOG 
Dryopilhcctts, 431 
Dublin, 102 
Dubois, A., 153, 455 
Dubois, E., 89, 128, 278, 469 
Dubois, G., 438, 449 
DucktowTi, 332 

Dunes (fossil in Sahelian belt), 269 
Dunning, Scotland, 39 
Duration of interglacials, 144, 415 
Diirrhartha, PI. XIII A 
Duvcnsee, 409 
Du^djcs, J., 278, 469 
Dwyka, PI. XX A 
Dy, 50 

Dylirenfurth, 300 
Dykes, Pis. XV J3, XX B 
Djmamieal time-seale, 427 
Dj-rholraen, 77, 70 

Eanthropus, 298 

Early Glaciation, 118, 135, 140, 143, 
145, 184, 276-7, 284-6 
Early Man (Symposium), 438, 469 
Earn, River, 39 
Earth, age of, 347, 460 
East Africa (Ch&telperronian), 243 
East Anglia, 182 ff., 195-6, 284-5; 
(moraines), 183, 194, 420 ; (warp- 
ing of), 410 
East Prussia, 114 
Bates, M., vii 
Ebbsflcet, 193-4 

Ebcrl, B., 116-17, 133, 143, 155, 411, 
<149 

Eberswalde, Pis. nil A, IX 
Eccentricity of orbit (eartlt), 135-6 
Echinodermata, 37‘1^5 
Eddington, A., 427, 478 
Edelstcn, H, M., 378, 486 
Edinger, T., vii 

Edmunds, F. H., 95, 300, 428, 469 
Edwards, A. B., 280, 469 
Ecm scries, 155, 161, 410 
Efimenko, P., 163, 455 
EgoIzwiI, 344, 408 

Egj-ptian clironologjs 128, 232 ; com- 
putations, 3 ; University, 248 
Ehringsdorf, 127, 154, 156-7, 159-60, 
293, 381, 386 
Eidcm, P., 402, 433 
Eifclian, 310 


Eimer, G. H. T., 398, 486 
El Aliyah, 423 4 
Electrons, 319 

Elephants, viii ; (evolution), 384-5, 
393 

Elephas antiquns, 132, 167-8, 177, 211, 
384-5, PI. XXIII B; E. meri- 
diona/is, 131, 168, 384-5, 389, 394, 
PI. XXIII A ; E. m. nesti, 384-5, 
387, 393; E. primigenius, 132, 150, 
384-5, 303, PI. XXIV A; E. 
trogontherii, 384-5 
El Fasha, 232 
Elk, 132 

El Kliiam, 231, 421 

Eller, K., 388, 486 

Elm, 58, 65, 75, 84, 87-8, 92, 93-4 

Elmenteitan, 250 

Elster river, 153 ; glaciation, 111, 
114-15, 117-18, 133, 155 ; 

moraine, 80 
Elveden, 190 
Elymus, 79 

Emiliani, C., 67, 142, 438, 449 
Endneolithikum, 64 
Eneolithic, 237 
Engelkemeir, A. G., 427, 478 
Engen, 161 

England (pollen zones), 404 ; (Post- 
glacial division), 73 
English Channel, 99-100, 102 
Ennedi, 269 

Environment in archaeology, 147 
Eoanlhroptts dmvsoni, 299-300 
Eocene, 310, 313, 361 
Eohippus, 311 
Epibranchiale, 397 
Epihippus, 311 

Epihyale, -labiale, -mandibulare, 397 
Epi-Levalloisian, 233 
Epimonasterian, 128-9, 411, 423 
Epipalaeolithic, (Sweden), 81 ; (Nor- 
way), 82, 84 

Equator, see meteorological, caloric, 
geographical ; (position in the 
past), 360 
Equinoxes, 136 
Equisetum peat, 56 

Eqtitis, 387, 430 ; E. caballus, 311 ; E. 
hydnmtimis, 219, 224 ; E. scotli, 
311 ; E. slenonis, 131, 168 
Erceira, 180 

Erdtman, G., 59, 92, 438 
Erect posture, 398, 430 
Ergeron, 174 
Eriophorum peat, 56 
Erlandsson, S., 400, 433 
Erosion (time-rates), 352 
Erratics, 114, PI. VIII B 
Ertebblle culture, 53-4, 65, 77, 84-5, 
408 
E^bo, 55 

Escarpments, recession of, 353 
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■iOS 

K^kJmoid<:, 274, 203 
Esses, 101, IPC, -in-) 

Estiiorine ncKratlntion, ISO ; Gravels 
(Cromer), ISS 
Elrocon^an, 010 

Extchnrihippxts drclivtis, E. elf(;antulus, 
SSO 

Eidola frttliaim, 417 
EuomphaUa strifieltti, 417 
Europaciis, A., 55, S5-G, 4,30 
Europe (west, nnd central, nrehneo- 
logieil clironoloRv), 280 
Eustasv, pl.'icinl, 47,’ 127, 270, 2S0; 
(Jnv.a), 278 

Es-nns, R. D., 3.30, 420, 478 
Evolution, .30-1 ; (Explosive Phase), 
00-1 ; (inOucnccil by environment), 
390 ; (marine mollusc.a), OSD ; 
(maximum rate), 302, (number of 
penerations), 092 ; (I’lcisloccne), 
380 ; (Post-Pleistocene), 077, 080 ; 
(qualitative steps), 303 ; (sinec 
Tertiarj'), 389 ; (stable-species), 
391 ; (time-factor in), 392 ; (time- 
rate), 311 , 4.30 
Euinp, J. K., 2.31, 421, 401 
Explosive evolution, 311, 3G0, 371, 370 
Extrusive rocks, 023 
Eyasi, Lake, 257-8 

Eaegri, K., GO, 70, 438 
Fagg, I). E. B., 100, 438 
Fogur, see Beech 
Fairbridge, R. W,, 4G0 
Faijaim, 2.32 
Falconer, H., 271, 470 
Falk, H., 82, 4-17 
Fallow-deer, 220-30 
False rings, 11 
Famennian, 310 

Families or radioactive elements, 310 
Farrington, A., 102, 438 
Faulcnscemoos, 89 
Faulting, 359 

Fnun.a indicating ensdronment, 132 ; 

(summary of evolution), 010 
Faunal break, 231 

FaurcsmiUi culture, 259, 2G3, 287 ; 

(town), 2G0 
Fez, Brazil, PI. V A 
Fcdcrsec, 71. 80-9, 401 
l^ccly, n. 11'., 3^10, 481 
Fcnland, 02, 95 
Fcnnoscandia, isostatic ri.se, 47 
Fennoscandian Moraines, 133, 155, 282, 
40G, see also Central Swedish 
Moraines nnd S.alpaussclkii 
Fermar, L. L., 37, 438 
Fermunt Glacier, PI. ITI A, B 
Fcrricrcte horizon, 371 
Ferriire, J. F., 158, 455 
Fierro, 332 
Figgins, J. D., 35 


Finigbci.al. 22. 2G-S, 30, 32 
Fink, J., 411, 449 

Finland, 83-3, 78 ; (I.itorina trans- 
pression), 100 
Finmark, 82 
I'innish Stone Ape, 80 
Fir (Abies). 104, 2.31 
Firb.-LS, F., ix, 02. 72, 73. 105, 405, t3S 
439 

‘First’ Intcrpl.ncial. 118, 133-1, see 
nUo Antcjwmiltim.atc Intcrplicbl 
First Interstadial (East Glariatinn), 
212, 415 

Fishbone Cave, Nevada, 400 
Fishes (cvolvition), 310, 305, 372, 390-7 
Fitz- James. PI. Nil B 
FlagstnfT, Arizona, 8. Pis. II .4, III A 
Flake eiiltiircs, 281, 2SG, 288, .301 
Firiming moraine, 11.3, 115, 155, see also 
IVurthe phase 
Flnndrian, 128, 133 
ITatwonns, 101 
FIcisch, II., 422, 401 
I'leming, 1\'. II., 429, 478 
Flint, R. F., ix, 31, 282, 3 1C, 351, 353, 
414, 439, -HO, 470, 478 
Flixton, 409 

Floodplain terraces (Thames), 131 
Flora, I. F., .122 

Flora (summarv of evolution), 310 
Florin, S., 83, 403, 405, 439 
Florsciiutz, I'., 410, 451 
Fluorine, 4.32 ; method, .300, 425 
Fluvioglacial, see Glacifluvial 
Foclalization tlicorj’, 418 
Folsom artifacts, 35, 155, 282, 31-1 
Fonl6cIicvndc, 299, 301, 301, 415 
Font Robert, 198, 200, 295 
Fomminifem, 339, 3-10 
Foreshore site, Cromer, 187-8 
Forest Bed, 39G, 420 ; development 
(temperate Europe), 101 ; (North 
America), 70 
Fort of Barralha, 181 
Fosnn, 82 

Fossil Man (chronologv), 299 ; soils, 
PI. XU B 

Fourth Glacial Terrace, lCO-1 

Fowler, G., 07 

Fowler, J., 455 

Fox, C., 100-2, 439 

FoxliaU Uall ; FoxlinU Road, 181 

France, 128 

Frankfurt-Posen ph.ase, 30, 113, 155 
Fraser, G. K., 38, 50, 439 
Fm-snian, 310 
French Sudan, 2C9 
Frfvillc, carritre, 1C8 
Fribourg (Switzerland), 89 
Fromm, E., 109, 439 
Frost soil, 119, FI. XII A 
Fntlicicola hispida ; pkheja, 417 
Fuminha, 170 
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Gabba, 208 
Gage, M., 411, 449 
Galilee, 299 

GaUey Hill, 800, 304, 423 
Gambia, 801 

Gamblian, 249-52, 253-4, 238 
Garabotil, 332 
Gams, H., 28, 107, 439 
Gardener, E. W., 232, 246-9, 404, 408, 
470 

Garrod, D. A. E., vii, 163, 195, 201, 
227, 228-31, 242-5, 231, 293, 295, 
304, 412, 435, 404-5, 470 
Gautier, E. F., 270, 470 
Gazelle, 220-30 
Gebel Abu Sir bar, 233 
Gebel Bein Gabir bar, 233 
Gebel Maiyul bar, 233 
Gedinnian, 310 

Geer, E. H. de, 13, 39, 402, 433, 
439 

Geer, Gerard de, 13, 20, 22-3, 25-9, 
31-2, 38-42, 44-5, 51, 54, 74, 
82-3, 100, 107, 312-13, 854, 439- 
440, 479 

GegenMitfigkeilsprozent, 400 
Gd mud, 50 
Genetic mutations, 418 
Gentncr, W., 429, 479 
Gcochronological methods, 4 
Geochronology, v ; (definition), 5, 20, 
864 

Geograplucal, equator, 271, 273 ; (shift- 
ing), 300-1 ; latitude (recent 
clianges), 301 ; zones (recon- 
structed), 361 

Geological, Magazine, viii ; time- 
keepers, 307, 313-17 
Gcosyntdincs, 315, 855 
Gcrassimow, 163 
Geriing, E. K., 348, 429, 479 
Germany, north-west (Postglacial 
clironology), 108 
Gerrish Mountain, 332 
Geschiebezahlung, 114 
Giant’s Causeway, 327 
Gibraltar, 236, 239, 209, 423-4 
Giddings, J. L., Jr., 11, 402, 434 
Gignoux-, M., 179, 390 
Gigout, M., 179, 181, 411, 432, 455-0 
Gilbert, G. K., 44, 308, 318, 350, 440, 
479 

Gill, E. D., 280-1, 470 
Gill, J. M., 408, 438 
Gill, W. D., 425, 470 
Gill-arches, 895-7 
Gingko, 310 
Givetian, 310 

Glacial anticyclone, 28 ; control, 128 ; 
eustasj’, 128; phases (defined). 
Ho ; phases (general terminology) 
115, 118, 125, 138 
Glaciation cur\-c, Switzerland, 153 


Glaciations, 111, 115 ; (distribution in 
Europe), 121 ; (simultaneity in 
two hemispheres), 405 
Glaciflusual deposits. 111 
Gladwin, H. S., 11, 402, 484 
Glanville, S. R. K., vii 
Glarus, Switzerland, fish shales, 38 
Glatzer Schneegebirge, 57 
Gleichenberg, Sarmatian shales, 88 
Gletschermilch, 21 

Glock, IV. S., 8-10, 16-17, 43, 434, 440 
Gliitsch phase, 133, 155 
Glutton, 122 
Goat, see Capra himts 
Gobert, E. G., 423, 465 
Godrvin, H., viii, 58, 59, 60, 61, 62, 64, 
67, 71-3, 87, 92-9, 101, 103, 107-8, 
192, 264, 354, 408, 437-8, 440, 447, 
458 

Godwin, M. E., 94, 425, 437, 447 
Goldsclunidt, R., 431, 486 ; Gold- 
schmidt, V. M., 333, 479 
Gomphoeents sibirietts, 381 
Gont/odiscus rotundatus, 417 
Goodchild, J. G., 314, 479 
Goodman, C., 830-2, 478-80 
Goodwin, A. J. H., 259, 264, 205, 284, 
470 

Goose Creek, 332 
Gore Bay, PI. VI A, B 
Gorey Castle, 178 
Gorham’s Cave, 236, 428'4' 

GOteborg, Sweden, 60 
Gothokarelian, 809 
Gotiglacial, 22, 27-9, 31-2, 81-3 
Gotland (Litorina transgression), 105, 
403 
Goz, 209 

Grabau, A. W., 338, 479 
Graham, J. AV., 420, 479 
Grahmnnn, R., 114, 121, 149, 411, 441, 
449, 450 

Grande Briquetterie, 173 
Granite, 325 
Granlund, E., 04, 441 
Graptolites, 310 
Gravesend, 190 

Gravettinn, 151-3, 156, 216, 219, 227, 
237, 239, 242, 286, 291, 295-6 
Gravitation constant, 417 
Graziosi, P., 213, 228, 465 
Great Auk, 236 

Great Baltic End-moraine, Pis. VIH, 
IX 

Great Bear Lake, 309 ; cycle, 338 
Great Chalky Boulder Clay, 183, 189- 
190, 194 

Great Drought (south-west TJ.S.A.), 14 
Great Interglacial, 116-18, 132-4 ; (sub- 
divisions), 143, 153, 153, 171, 251 
Greatest Glaciation (Alps), 116 
Green River Formation, Colorado, 38, 
313 
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Grccnbnd, -Jn. IIP, 502 
Grcmjnfy, 105 

Gifnzlinrbnnl, Cl. PI, 02, 107. lOP, 409 
Grinitli";. 1). H., 42G, 47P 
Grininldi (Czivcs), 211 JI. ; (Cromns;. 
non). 2DP. 500 ; (ncfjroids), 212, 
2DP. 501-2. ,50.7 

Grimaldian (Ix-acli). 179-SO ; (in- 
(liKtra), 211-21, 227, 2.5S-I1, 

212-.7, 2S0. 2P1, 29t-C. 501-5, 
PJ. XVIII/J; (siini\-alo0, 2« 
Gripp, K., 73-5, 441 
Gromov, V., lCl-5, 450 
Gromoam, V., IGl, 450 
Grooved arare, PS 
Groas, H., 72, 74, 109, 441 
Groasc, A. V., 5 41, 477 
Grotl.a dclle Caprc, 2 VS ; del Conte 
CosUanlini, 213 ; del Foaaellonc, 
2«: Giiattari, 222, PI, XXIV n ; 
Itomanclli, 20S, 225-S. 210, 24-1, 
2D 4, 421, PI. XVn 

Grolte do I'nminlia, 181 ; dc I’Obacr- 
a-atoirc, 20 1— 1 1 j dcs Enfanls, 212, 
301 ; dll Prince, 212 
Groaalh rinRS of trees, G ff. 

Gsclmitz, 118 
Guad.alupe .llountains, 35 
Gudenna, 7P 

Guiton, E. P., vii. Pis. XIY C, XV 

Gujarat, 423 

Gulf of Mexico, 315 

Giimban, 250 

Gunr,, 118-20, 133, 113 

Gutonberp, H., -47, 303. 441, 479 

Gutzarillcr, A., IIP, <1-49 

Gymnosperms, 310 

GijrmtUis, 3G9 

Gj'llja, 50 

Haar, C. Ter, 27S, 470 
Habits of ca’olution, 419 
Ilndbramaut, 2 48 
Ilafstcn, U., -441 
Haiica'bura’, Tiniiskaming, 42 
Haldane, .1. 11. S„ 3S5, 398, 428, 430-1, 
479, 480 

Hale, H. .M., 2S0, 470 
Half-life, or half-a-alue period, 322 
Halicki, B., 30, 4-41 
Haller, J., 2.54, 422, 400 
Halica-, 3IC 
Hailing, 195-C 
Hallstatt, 8-4, 87, 04, 00 
Hamburg, 73 

Hamburgian, 72, 74-5, 62-4, 153, 345 

Hamford Water, 07 

Hamill, W. H., 427, 478 

Hammond, J. C., 482 

HanJar, E., 1G3, 450 

Hand-axe cultures, 2S4-G, 202, 305 

Hand-point culture, 155 

Hansen, H. P., -4-41 


Hatvacn, S.. 31. 50, 411 
Harlior Hill. 53-t, 155 
Harbour Isl.ind bar, 255, 254 
Hargreaves, 138 
Harmrr, 1'. tV.. 183, 585. 48G 
Harringlon. M. It., -tno. -441, 471 
H.arNon, I... 125, 4(15 
H.arlford, Conn., 55—4, 511 
Ifcirts river. 200 
Haniooil, W. H., 8. 454 
Hnua Pleah, Cyrenaira, 510 
Hnugbton, S. H., 441, -471 
Hauiy, E. IV., -l-'U 
Haulcrivian, 510 
Han-nii, 54 4 
Hamml, E. X., 450 
Hankes, C. E. C., 101, 107, 2.88, 295, 
505, 411, 471 

Haiikcs, Jaqnclta, 178, 450 
Hnivkes Tor, 04 
Hayden, U. J., 420. 484 
ILaicl. 57-8, GO-1, 05, G7-6, 75, 75, 
88-01, 05-4 
Head, PI. XXI A 
Hcdc, .1. E.. 4 44 
Ilccr, O., .38, -442 
Hcidcll)crg, 150 

Heidelberg Man, see Ilotno heide!' 
ba-j’cnsis 

Hcicrii, .1., 154, 450 
Hciligcngrabc, 501 
Heim, A., 58, 154, 442 
Heisterkireb, PI. VH C 
Uclicodnntn obvoliiln, 417 
JJelicognnn Inpicidn, 417 
Heligoland, 554. PI. XXI B 
Heliocentric length of perihelion, 150 
Helium, 318-25, 320-30; (excess oO, 
.3.30; (H,. H,). 420; (loss), .320 ; 
mclliod, 327, 329, .331, 332, 317, 
420-7 ; (minimum ages), 530 ; 
ratio, 320-30 
Heilman cycle, 17 
Helsinki = Helsingfors, 83 
Hemlock, 70 
Henbest, 330 

Henderson, G. H., 3.32, -179 

Hcnri-Martin, G., -471 

IlercjTiian, 358 

Hemcgger, F., 3.34, 479 

Heseman, J., 114, 410 

Hess von Wiclidorff, 11., 114, -tto 

Hcssclman, 17 

Hessic Boulder Clnj", 100 

HcxacoraLs, 310 

Hc.v, R. IV.. 482 

Hickors", 70 

High Lodge, 1-47, 18.3, 103, 105, 288, -lOS 
High Temicc (Alps), 110-17, 155 ; 

(Thames), 131 
Himalaj-ns, 27-4-5, SCO, 303 
Hindu Clironologs-, 4 
Hinton, M. A. C.,’ni, 101, 102, 450 



INDEX 


501 


Ilipparion, 311, PI. XIX A 
Uippopltac, 74 
Ilippopotamidae, 370 
Hippopotamus amphibhis major, 211, 
224-0, 3S9 

Iloeg, O. A., 11, 402, 434 
Iloliler Stein, 162 
lloldheide, W., 401, 422 
Holland (Saale Glaciation), 114 
Holmegaard, 409 

Holmes, A., vii, SOS, 310, 310, 318, 
327-S, 330-1, 317, 335, 358-9, 
3CI-2, 300, 398, 428, 430, 479-80, 
485-0 

Holocene, 307, 310, 318 
Homa Mountain, 252 
Homacodontidae, 369 
Homo, 310, 305 ; (evolution), 399, 430 ; 
(pre-Pleistocenc), 303 ; (species of), 
297 ; H. crectus, H. c. ercclits, 278-9, 
207,299,431 ; H. e.pck!neyisis,27S, 
207, 299, 305, 431, PI. XXIV A; 
H. itcidctbergeiisis, 150-8, ISS, 274, 
299-300, 304, 305 ; H. ymdjoker- 
tensis, 279-80, 297, 299 ; H. nean- 
derlhaicnsis, 139, 101, 104, 177-S, 
222-3, 229-30, 230, 242, 2-13, 
280-1, 290, 297, 298, 299, 301, 
30 lr-3, 424, PI. XXIV B ; H. rhode- 
stensis, 298 ; H. sapiens, 229-30, 
242-3, 233, 257, 274, 278, 280-2, 
297-301, 304-0 ; H. sapiens 

(Swanscombe), 190 ; H. sapiens 
replacing H, nenndcrilialensis, SOI ; 
//. solocnsis, 278-80, 297-9 ; H. 
sleinlieimensis, 298-9 
Hooded crotv, 388 
Hopi Indians, 13 

Hopwood, A. T., vii, 194, 252-3, 257, 
300, 458, 471 

Hornbeam, 58, 03, 89, 104 
Horse, (evolution), 310-12 
Horsetails, 310 
Hoskins, C. R., 474 
Hougli, J. L., 420, 480 
Howard, E. R., 33, 282, 412, 442, 471 ; 
iM. M., X 

Howe, B., 423, 403 
lloxne, 127, 183, 189, 420 
Hoyle, F., 429, 480 
Iluaka Prieta, Peru, 3-44 
Huber, B., 8, 11, 400-2, 434 
Hudd, A. E., 312, 480 
Hug, ,1., 110 

Hundisburg, 149-50, 133 
Hungarj-, 291, 295 ; (loess), 121 
Hunstanton Boulder Clas^ 94, 183, 
190, 200 

Huntington, E., 11 , 15, 434 
Hurley, P. M., 331-2, 415, 420, 480 
Huron L.ake, 33, PI. VI A, B 
Huronian Period, 309 ; Glaciation, 30 
Hustich, I., 11 , 434 
17» 


Huts (Neolithic, Walton), 98 
Huxley, J. S., 378, 880, 388, 392, 410, 
480 

Huzayvin, S. A., vii, 232, 230, 240-8, 
209, 271, 464-5, 468, 471 
Hyalinia nilens, 417 
Hydro-electric Station (Kikagati), 255 
Hylteberga, 82 
Hypobranciuale, -hyale, 397 
Ht/racolbcritim, 430 
Hyslrix, 287 

Hj-JTipa, E., 01, 85, 109, 442 

Ibero-Maurusian, 181 
Ibex, 208, 230, 383 

Ice Age, 807 ; (division), 132-3 ; 
(cause), 137, 350 

Ice-Recession, rate of, 23, 27, 353-4 

Iccnian, 185 

Ichtliyosaurs, 310 

Igneous rocks, 323 

Ilford, 195 

Illinoian, 155 

Ilm river, ICO 

Imaginary displacement of latitude, 130 
Implements as zone-fossils, 146 
Indal, 42 

India, 273 ; (north-west), 275-0, 290 ; 
(Continental drift), 302 ; (north- 
west archaeological chronology), 
287 

Indus, 275-0 

Industries (duration), 292 ; (rate of 
evolution), 288 

Inghram, M. G., 427, 429, 478, 484 
Ingoldmells, 94—7 
Insect orders, 367 

Insects, 310, 300, see Wingless and 
Winged 

Institute of Archaeologj' (University of 
London), v, vii, viii 
Intcrglacials. Ill, 115 
Interlaken, 79 
Interpluvials, 251 
Interstadial climate, 407 
Interstadials (defined), 115 
Intra-Monastirian oscillation, 133, 143, 
145 

Intrapluvials, 251 
Intrusive rocks, 323^ 

Iodine, 432 
Ionium, 321-2, 337-8 
Iowan, 155, 351 

Ips\-ieian, 184-5, 187-8, 202, 285-0 
Ipswich, 184 
Iranian Plateau, 294 
Ireland, 94, 102-8 ; (Postglacial divi- 
sions), 73, 103 ; (pollen zones), 73, 
103 

Irkutsk, IG3-4 

Iron Age, 04-0, 71, 94, 90, 99, 108 ; 

(dating methods), 80 
Irrawaddi, 277 
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T<;lc Afrois ri. XV A 

I')e of Man, 102 

IsosU-isj-, -17 ; (timc-ralc). 030 

Isolopo, nil), r,27 ; nnnK-<f'', n2S, niT 

Islitiito di rnlcontolnjjia Uniana, 21*2 

Ivcrscn, .1,, .'1, 39, TS-ll, 40*), in*). 112 

Irtopan, 40G 

J.abcrj; tnoniinc, 90 
Jabnid, ".'ll, 121 
Jacicson, W., 200 
J,acoln, U, 11,, :U7, ntS. 477 
.Tnde liay, 409 
J.amcs Hay, 33 
.lumlland, 402 
JanVcn, 151, 1.53 
Jarmo, Mesopotamia, 31.5 
Java. 135, 27S-S0, 2S2, 423 
Java-India correl.ilion, 278 
.lawless fishes, see A;nintha 
.Taws of \-crfchrntes, 39.5 
JniewiUsch, IV., 401, 422 
.leans, J., 480 
Jeffreys, II., 3 IS, 4S0 
Jcnisci ri\-cr, 105 
Jennes, D., 282, 471 
Jerboa, 132 
.lericho, 315 

Jersey, Clianncl Islands, 12S, 17.5, 
107-8, 299, 304, I’ls. XIV, XV, 
XXI A ; (insect subspecies), 377 ; 
(interglacial deer), 378 ; (shrew), 
378 

Jes.scn, K., 28, 03, 73, 70, 92, 102-3, 
403, .438, 442 
Jewish Oilendar, 3 

Joacliimstlml (Cacchoslovakia), 323 ; 

(north Germany), PI. VIII H 
.John, A., 434 
Johnson, D., 233, 405 
Johnson, I'., 70, -427, -142, -474, 480 
Johnston, SI. S., vii. Pis. II, 111, VI, 
XX 

Johnston. IV. A., 282 

Joly, J., 314-lG, 334, 480 

•Tonassen, J., -142 

Jones, E. W., 11, 422, 434 

.Tones, F. Wood, 281, 398, 471, 487 

Jones, II. S., 480 

.Tones, Neville, 259, 407, 471 

.Totnian, 309 

Juniper, 102 

Jura Mountains, 1.53 

Jurassic, 310, 332 

Jutland, 70 

ICabouh Beds, 279 
Kafu-an, 231-2, 235, 202 
Kagera river, 233-0 
Ivngcran, 2-19, 233-3, 238 
Ivaiso Bctls, 232-3 
Kalahari Sands, 239, 202 
Kali Gl.agah firun.a, 270, 413 


Kamasi.an, 219-51. 253-3. 2.50-9. COS 
IC.amenr. (.Silesia). I’ls. X H. Xlll A 
Kanatn Bctls, 252-3, 257 ; jaw. 2t>a. 
.300 

Kamlcr phase, 133, 155 

Kanervn, It., 85, 4t2 

Kanjera Beds, 252, 257 ; slnll, 300 

Kanjemn, 249 

Kansan, 153 

Karelian. 338 

Ivaribib, !t34 

Karlik, B., 330, 479 

lCarlsl)crg, Zobten, 131 

ICarouba, 230 

ICurroo, Bl. XX It 

Ka>.bniir, 275 

Katanga, 338 

Katsebir, 131-2 

Kaaeaiku, 13 

Kav, G. F., 133, 331, 40 4, 400, 449, 

•4.80 

Kcb.arah cave, 231, 243, 421-2 
Kebaran, 2 43, 421 
Kcblc, It. A., 471 

Keevil, X. B., 320, 32.8, 3.50-1, 47S, 
480 

Keewatin (cvcie), 309 ; (icc-ccnlrc), 
282 

Keilor skull, 280, 281, 299 
Keith, A., 177, *2.50, 2 441, 301, 450, 405, 
471 

Keilev, nar]>cr, vii, 171-3, 410, .430 
Kelvin, Lord, 314. 310-17, 481 
Kemmegg. 419 
Kendeng Hills, 270 
Kennard, A. S., vii, 191-2, 4,50 
Kent, 191, 195 

Kent, P. E„ 2.52-3, 237-8, .471-2 
Kent-Artois chalk ridge, 100-2 
Kenya, 249-51, ,500 
Kcsslerlocli cave, 154, 101-2, 407 
Kcltlc-holcs, 113, PI. VH A 
Kcuper, 310 

Kcav-L.awson, D. E., 481 

Kewcenawnn, 309, 332 

Kbnrga Oasis, 240, 4*23 

Klinrpin, 247 

Ishirbet Kuniran, 34-4 

Kiik-Koba, 104 

Kikagati, 255 

Kilkenny, B. C., 432, 487 

Killamcan, 358 

Killick, J, R., 195, 434 

Killwangcn, see Scliaffliauscn moraine 

Kilpisj.arvi, 104 

Kimball, D.ay, vi. 110, 232, 294, 303, 
411, 433, 449, 401, 403 
Kimberley, S. Africa, 30, 200 
Kimmeridgian, 310 
Ivincbinjunga, 300 
Kinematic time-scale, 427 
King. W. B. B., vii, 191, 194, 420, 430, 
4.58 
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King’s Lynn, 95 

Kirshcnbaum, A. D., 3-1-1, 477 

Kitchen-midden, see Erlebulle culture 

Kiukais ware, 80 

Kjellmatk, IC, 403, 430 

Kiip river, 200 

Klosterlund, 70, 409 

Klostcrtal Glacier, Tl. XI 

Knaucr, J., 110, 117, 153, 449 

Knickpoints, 200 

Knopf, A., SOS, 310, 330, 4S1 

Knopp, 1/., vii 

Knoudes, F. II. S., 177, 450 

Knysna, 205 

Koezy, F. F., 338, 341, 4S1 
Koenigsrvald, It. von, 278-9, 397, 
471 

Komsa, 82 

Konigsberg, 361 

Koninckinidae, 375 

Koppcl, R., 223, 405 

KOppen, W., 139, 300, 407, 419, 481 

Kordofan, 209 

Korn, H., 87-8, 44-5, 312, 412, 481 
Korokewo, 105 
KOsling, 151-3 

Koslorvski, L., 433, see also Kozlowski, 
Brcuil and Koslowski 
Kovarik, A. F., 481 
Kozlmrski, L., 150, 450 
Krapina, 299 
Krasnojarsk, 103, 103 
Krause, W., 73 
Krcichgauer P. D., 301, 481 
Krenkcl, E., 209, 471 
Krishnaswamy, V. D., 413, 471 
Kristiansund, 82 
Ivri\lSn, P., 411, 449 
Krokos, W., 103-1, 450 
Krj’gorvski, B., 89, 443 
Krj’lbo, 104 

Ksar ‘Akil, 231, 245, 421-2 
Kubuta, 334 
Kuenen, P. H., 358, 481 
Kuhn, E., 430, 487 
Kuiper, H., 301, 481 
Kulbiickslidcn, 104 
Kullenberg, B., 420, 481 
Kulp, J. L., 340, 481 
Kuusamo, 104 

Kuzmia'a ptimiHa ; c.f. bidcntala, 417 
ICjTksliitt, S3, 85 

La Cliappelle, 299 
La Ferrassie, 209 
La Garcnne, 341 
La Jolla, 400 
La Naulcttc, 299 
La Quira, 150, 289, 299 
La Tine period, 00, 87 
Labande, JL, ^^i 

Laboraloire de Prihistoirc, Mvisium 
d’llistoire Naturelle, 173 


Labrum, E. E., 393, 487 

LacaiUe, A. D., 302, 425, 472 

Ladoga, Lake, 48, 85 

Lagrange, J. I,., 137 

Lahar deposits, 279 

Laibach, 89 

Lais, R., 64, 442 

Lake, P., 359, 481 

Lake District, 313 

Lake lYindermere, 94 

Lakeville, 332 

Lambert, J., 373, 487 

Lambert, W. D., 138, 301, 481, 487 

Lamothe, R. de, 127, 100, 422, 449 

Land occupation, 77, 78, 408 

Lane, A. C., vii, 318, 330, 338, 478, 481 

Languedocian, 179, 181 

Dankester, R., 183-5, 457 

Lannacombe, 410 

Laon, 167 

Larder Lake, 427 

Large Copper Butterfly, 878, see 
Lijcacna dispar 
Lnmian, 103 
Lascaux, 344, 425 

Last Glaciation, 115-10, 120, 140, 145, 
153, 190, 200, 230-1, 238, 240, 
241-2, 247-8, 270, 277, 282, 284, 
286, 290-0, 298, 354, PI. XVI B 
Last Interglacial, 115, 118, 127, 133-4, 
145, 175, 194-5, 238, 277, 281, 
285-0, 290, 293, 298, PI. XII B ; 
(climatic and cultural fusion), 
290 ; (soils), 123 ; (subdivisions), 
143, 410 

Late Glacial phases, 00 
Latcritio cnists, 850 
Latitude (recent changes), 301 
Laufen, 116 
Laugerie Basse, 299 
Laurentian, 309, 358 
Lavadores, 180 
Lavas, 323, 324 

Larv, of Organic Grondli, 371 ; of 
Superposition, 307 
Larvrence, D. B., 434 
Lawson, Coll. (Jersey), 178 
Le Sloustier, 289, 200 
Lead, 319-22 ; (initial), 327 ; (method), 
325, 328, 332 ; (ratio), 326 ; 

(ratio corrected), 327 
Leaf-insect, 388, PI. XXII A 
Leakey, L. S. B., ix, 172, 185, 188, 249, 
251-3, 250-9, 300, 304, 306, 413, 
457, 465, 472 
I/iakey, M., 192, 458 
Lecco, 411 

Leclercq, carriere, 108 
Lecointre, G., 179, 457 
Lee, II. H., 393, 487 
Lc^^mg^vell, K., 119, .449 
Lehmann, R., 148, 457 
Leipzig, 1-49 
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l>cmnn mill Oivcr llmiks, Ot, 03, 100 
IvcniUM, 010, OOj 
I/‘ n!iam 1J<^K 033 
lycnbiclmtx, 130, 131 
Ixs lloiL'iiix, I'l. XTV 
Jx-tolia. Tran<;i-n;il, Mt 
Lcvallniiimi, 14S-30, 133, 133-0, lO-!, 
ir.l, lGS-0, 1T2-3, ITT-S, 102-3, 
lOT-S, 202, 229-30, 230, 2.'t0, 
212-3, 21C-S, 230-2, 233-T, 239, 
207, 270-7, 279, 2S1. 280-8, 299, 
29 J, 29S, 303-0, .120, I'l. XIV It ; 
(co-cxl>ilcnt ivUh .\iiripiacUin), 
239 ; (Xcandcrtlinl Man), ITS ; 
(stirvivnl), 172-3 ; tcclmiijiie, 270, 
2St, 2SC-S, 2S9-90, 293, 290-7, 
SOI 

Ixiv.alloisio-Kh.irpan, 2 17 
I>:\7illoisio-Moastcrian, 101, 229, 231, 
210, 212, 303 
IxiVcne, C. M., 309, -tSS 
Ixivtrhiilme Truiil, vii 
Lcvcrrirr, V. .T„ 137, 13S, -HO 
Ixvi, H,, 310, -lOS, -1-13, ISl 
Lcivi'!, A, X., 2S0, 472 
Lins, 310 

LiW>%-, W. T., Sll-C, -127, 129, 177-8, 
•181-2 

Lidin, n„ 20, 32, -13, 413 
Life, oldest knoien, 429-30 
Lime, 58, 03, 73, 87, 93 
Limcim (Barzil), PI. V A 
Limmcn, 303 ; pha.se, 31, 81 
Limon dc dibordement, 174 
Lindberg, 11., 83, 413 
Lindenmeier Site, Colorado, 33, 282 
Lindner, IL, 130, 131, 437 
lAnguJa, 303, 385 
Lingulid.ac, 303 
Linsenberp, 159-00 
Lipparini, T., 223, 403 
TAthodomus, 211 

Litorinn, beach, 359 ; maximum, 51, 
84, 83-0, 100 ; phase, 70 ; Sea, 
49, 53, 53, 70, 83—1 ; transgres- 
sion, 51, 05, 77, 100, 108 
lAlorina lillorca, 34 
Littcll, r. n., 482 
Little, O., 232, 403 
Little Eastern Glaciation, 183, 189 
Ljubljana, 89 
Llandcih'an, 310 
Llandoverian, 310 
Llanviniian, 310 
Lochard, 239 

Loess, Pls.XII B, C, XXI A ; (Britain), 
120-1, 182, 193 ; (distribution in 
Europe), 121 ; (disasions), 133 ; 
(India), 275 ; (number), 121 ; 
(piinses), 122 ; rCccnt, 174 ; steppe, 
119 

Loewe, I'., 43, 4 13 
Logaritlimic increase, 371-3 


l^ihman, 3"9 

ly^ndon, Il.isin (Milar.rlan), 139 ; Chv 
(WV.llon), 97-S ; Museum, vii 
Ixing Ishmd, 33 
LiHwemore, IV. II., 313, 47S 
I/ircnr.i, I-'., vii 
lain'nro, .T. L.. 400, 473 
l>os AngeU-s, :i~i 
Lotus seed. 31 1 
I.nl7j>, 11., .",08, 318, 320, 482 
Ixuigce, 401 
Ijough Xcagb, 103 
Ixiveday, .1. L.. 37, 430 
l 4 )\v Terrace (Aljis), 110 ; (5kimme), 
175 

Lowe. C. van Iliet, vii, 231, 2.70, 239- 
203, 281. 423, 108, 172, 473, I'b. 

xvni, XIX 

Ixiwcr, Presliwater Bed, 188 ; HaKlrnv 
culture, 98 ; Oolites, 310 ; P.al.af. 
olilliic (Sinanthropus). 274 ; Ver- 
silia, 214. 230, 2H, PI. XVI ,4 
I.ow11icr, A. \V. G., 11, 401-2, 431 
Imlck, V., 418, 459 
I.ublwck, Texas, 3tl 
Lucerne, 89; Lake, 131 
Liidi, IV., .H3 
Liuilovinn, 310. 313 
Ltmdberfr, H., .113 
Lundq%ast, G.. .113 
Lung-iislics, 370-1 
Lung, 89 

Lunya, Uganda, .331 
Lusitanian. fauna (Last Interglacial), 
100 ; facies, 180 
Lns-sy, Lac, 89 

hyenrna dispnr, 378-9, 3S3, PI. XXll 
B ; L. <1. hnlavui, L. d. dhpnr, 
L. d. riililus, 381, PI. XXIl It 
Lvdekker, It., 487 
Lycll, C., 138. 183, 310, 311, 482 
Lymegrass, 79 

Lvngbv, nr. Copenhagen, 39, 70, 62; 

culture, 50, 73-0, 8 1, 409 
Ljam Valiev, 332 
Lynx, 132, 203-9 

McBurncy, C., 421 , 400, 482 
McClelland, .1. A. C., 409 
McCown, T. P., 230, 213, 301, 403, 472 
MacGregor, A. M., 398, 430, 487 
McGregor, .1. C., 431 
JlacPIicrson, .1. II., .171 
Macliairodti!!, 129, 298 
Maenmn calcarca, 81 
Magdalcnian, 80.^, 131, 131-0, 101-2, 
103, 17-1-5, 199, 201-2, 228, 237, 
238, 215, 280, 291-2, 290, 302-3 
300, 407 ; (Mciciulorf), 71-2, 74, 
Magicmose culture, 51-2, 05-0, 70-7, 
82-1, S3, 91-5, 101, 408 ; (Dogger 
Bank), 71 
Jlagma, 323-1, 327 
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Magnetism of rocks, 334, 426 

Magnetite, 329, 331-2 

Mn^itnaya, 332 

Magoito, 180 

Magosian, 250 

Maliogany tree-rings, 17 

Mahony, D. J., 280-1, 472 

Mahr, W., 103, 4-13 

Main Coombe Book, 194 

Jfainz, 150, 158-9, 104 ; Basin, 133 

Jlajor, C. J. Forsji;!!, 487 

Makalicn, 249, 250 

Makau, 150, 153 

Malan, B. D., 470, 473 

MaJaya {hub of equitorial zone), 301 

Maldonada-Koerdell, M., 407 

Malm, 310 

MalmO, 82 

Malta (Irkutsk), 103, 164 
Mammalia, 310, 365, 307-8 ; (first), 
310 

Mammoth, see E. primigenius 
Manchuria, 379 
JIangancse nodules, 337 
Manitoba, Cj’ele, 309, 358 
Jlanitoulin Islands, PI. VI A, B 
JIankato, 34, 155, 344, 351, 406 
Jlanyara Lake, 258 
Marble, Putnam, J., 330, 420 
Mar?ais, J., 298, 445, 457, 409, 473 
Marchetti, 51., 215, 405 
5Inrealbian, 309, 358) 

51arett, R. R., 175, 177, 457 
Maribyrnong river, 281 
Markkleebcrg, 149-50, 153, 194 
51arl, 56 

Slarnwta hohac, 31. marmota, 382 

Marmots, 209, 240, 382 

Marpessa laminata, 417 

Marr, J. E., 313, 482 

Marshall, J., 434 

5IaTshaU’s Pit, Slindon, 190 

51arston, A. T., 190, 300, 457, 473, 487 

Marsupials, 365 

Slartin, E. A., 197, 457 

Martin, K., 391 

Martin, P. S., 473 

Martin, 37 

Martjmov, A. B., 306-7, 487 
Massaciuceoli, Lago di, 214 
5Iasurian Interstadial, 114-15, 118 
MaUiiassen, T., 70-9, 443 
Mattaueh, J., 333, 482 
Mattawa V.alley, Ont., S3, 34 
Matthew, IV. D., 310-11, 482 
5Ia\icr, 133, 150-7, 384, 380 
Maufc, H. B., 259, 407 
5Iauritania, 209 

Maxwell Darling, R. C., 209, 473 
MajT, E., 881, 487 
Mcarc Heatli, 94 

Slcditcrranean (nortliem, arehaeo- 
logical chronologj’), 286 


Jlcdway, 195 

Meech, 138 

Megaevolution, 431 

hlegalitliic, 101, sec also Dolmen 

Jleiendorf, 71-2, 75, 88, 152-3, 345, 400 

Meinardus, W., 139, 413, 449 

Meise, W., 388, 487 

Melancsoids, 274 

MelanopUis frigidus, 382 

Melanopsis, 369 

hlelbourne, 281 

Menzel, H., 457 

5Ierostomata, 310 

Menjehippus, 311 

31csohipptis, 311 

Mesolithic, 71, 75, 84, 88, 94, 106-8, 
155, 162, 201, 202, 231, 238-41, 
245-7, 280-7, 292, 303; (geo- 
graphical background), 50-1 ; 
(Maglemose), 76 ; -Neolithic 
change, 08 ; (Norre-Lyngby), 76 ; 
(Scania), 82 

aiesozoic, 307-8, 314, 348 
Metamorphosis of rocks, 323 
Meteorites, 347, 429 
Meteorological equator, 266, 208 
Meyer, F., 430, 487 
Mexican prehistory (dating), 70, 406 
Mezine, 74 

Rl-liorizon, 249, 254-8 
hlichelsberg, 408 
Michkovitch, 188 

Micoquian, 150, 173, 197, 202, 220-30, 
239, 242, 284-8, 290, 292-3, 297 
hlicroburin, 228, 421 
Microcline, 334 
Microevolution, 431 
3Jicrotiis anglicus, 382 
Micro-varves, 42 
Mid-Atlantic Ridge, 339 
Rliddle, Pomeranian moraine, 30; 

Terrace (Alps), 116 
5Iigrations, Age of, 66 
Mikheirta bar, 233 
Blikola, P., 402, 434 
Milankovitch, M., 138, 140-2, 265-6, 
860-1, 411, 449, 473, 482 
3Iilax marginatus, 417 
Milazzian, 128-9, 131, 133, 144r-5, 180 
Miller, G. S., 378, 380, 487 
Milne, E. A., 427-8, 482 
5Iilthers, V., 114, 443, 450 
Mindel, 116-18, 133 
Mineral veins, 325 
Minneapolis, 353 
Minor phases (Pleistocene), 120 
Miocene, 277, 309-10, 332, 361, 391 
31iohippiis, 311 
Mircink, G., vii, 163-4, 457 
Mississippi, 353 

MitcheU, G. F., 73, 102, 103, 4-13-4 
Mixed Oak Forest, 57, 60-1, 65, 73, 75, 
85, 87, 89, 92, 93, 104, 107 



DATING Tim PAST 


rm 

Mociii, A., 22r., -inr. 

Mnli;i\T, ctilUirr, river nnd lake, n.l 
Moir, J. Held, lS:!-5, 187-00. lOV-0, 
251, 152, 157, 173 
MnLnrs (mnnimalirm), 30S 
MoIUiscji (tnarine, cvoliitinii), 3S0 
Mnnastir, 422 

Monactirian, 100, 12S-0, 131, 133, 
I Vl-S, 101. 180. 193, 100-8, 211, 
2;!G, 281 ; I'ls. XIV, XV, XVIl A, 
XXI A ; (division), 175, 177-S ; 
(Main and Ualc), 123, 131, 110 
MonRoIoids, 274 
Mont Orpricil. 178 
Mont-ap:!!, M. F. Asldev, 471 
.Monle Circco, 222, 221, 2.30, 205, 200, 
FIs. XVI J}, XXIV JJ 
Monlcncpn, 332 
Monlitrcs, 174 
Moore, II. L., .108, -1-11 
Moosbiirp, 88 
.Mooscr, F., 400, -173 
Moraines, FIs. VH. VIII, IX 
Morant, G. M., 101, 303, 473 
Moravia, 151 
Morsinany, 419 
Morden meteorite, 3-17, 318 
Moreau, 11, E., 380, .187 
Morocco, 128, 170, 185, 298, 403 
Morris, T. O., 270-7, 473 
Mortclmans, G., 205, 473 
Mosbacli, 384-5 

Motlier Grundy’s Parlour, 105, 201 
Moulin-Qiiiprnon, 107 
Mount AylifI meteorite, 347, 3)8 
Slount, llillingcn, 28 ; Carmel, 178, 
229-30, 239, 299, 301-5, -122; 
(Man), 229, 301 

Mountains, pine, see Pimts moulana ; 
building (time-rate), 300 ; -soils, 
123 

Jlourant, A. E., vii, 175, 178, 458, 
PI. XIV A 

Mou-stcrian, 150, 153-0, 158-00, 103, 
172, 178, 190-222, 230-9, 242-3, 
257, 281, 280, 287-9 1, 208, 30 4, FI. 
XVI A ; (contemporary with 
Upper Palacolilliic), 201-3 ; (raw 
material determining tccliniquc), 
289-90 ; (survival), 244, 290 
Mousterioid, 280, see Moiistcrian 
Movius, H. L., 100, 200, 274, 277, 423, 
425, .444, 458, 405, 473-4 
Mailer, H., 01, 4-44 
Muller, H. J., 432 
Mrdlcr-Stoll, 400, 434 
Mullcrup culture, 51, 00, 70, 400 
Multitubcrculatc mammals, 305 
MunUic, II., 18-4, 4 44 
Mnonionniska, 104 
Murat, M., 200, 473 
Murata, R. J., 310, 484 
Murpliey, 11. F., 317, 482 


-Mils. 39 1 
Musebelknlk, 310 
Muvcovile, 331 
Mnslikat. C. M., 170 
.MumI. R., 458 
■Mtitala, S3 

.'hitalions prfxliired by ndiation, 399, 
-432 ; .systemie, -431 
MjH pb'.Lse, 51, 84 
Mycenae, 80 

Nagri Chinji stage, 277 
A’nirts frxilis, 07, 09 
Nnkur.in, 2IO-.5n 
Naina Reds, S.IV. Africa, 37 
Namiirinn, 310 
Najiles. 359 

Narbada Reds, 277, 270-80 
Narkc Sound, 52 
Katufian, 230-1, 215, 421 
Nmitiloids, 310 

Neandcrtlial Man, sec Homo nraii- 
(lertlialeiisis 

Ne.asham, England, 341 
Ncbra.skn, 155 
Ncckar, 157, 411 
Nckron mud, 50, 7-4-5 
Ncocomian, 310 

Neolithic, 71, 83-7, 03, 108, 174, 277, 
201; -Rroirto Age, 80, 81; 

(D.anish), 05 ; (d.aling mcliiods), 
78 

Xellcy, 107 
Nettuno, 219 
Neuh.aldcn.slcben, 149 
Ncumavr, M., 354, -482 
Ncuvilfc, K., 170, 231, 202, 208, 412, 
458, 405, 474 

New, England (Postglacial), 00 ; 
Guinea, 300, 302 ; Mexico (Fol- 
som artifact-s), 35, 332 ; York, 33 ; 
Zc.alnnd, 303, 411 
Ncwboiirnian Red Crag, 300 
Newer Drift Glaciation, 100, 200 
Newfoundland, 302 
Nenion, E. T., 300 
Ngandong fauna, 270-80 
N-horizon, 255-0 
Niagara Falls, 33—4, 353 
Nicolaysen, E. O., 333, 482 
Niedermendig, 382 
Nicr, A. O., 328, 840, 347, 482 
Niliosvan stage, 273—1 
Nikl.asson, N., 81, 444 
Nile Terraces, 232 

Nilsson, E., 39, 73, 2 19, 200, 423, 474 
Nilsson, T., 28, -lO, 59. 04-0, 73, 78. 70, 
81, 83-4, 01, 100-1, 105-0, 107, 
408, .444 

Niobrara Beds, 313 
Njoran, 250 
Noaillcs (burins), 214 
Nooitgcdaclit, 00, PI. XX A 
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Nordliagen, R., 82, 107, 439 
Nordmnn, C. A., 44~t 
Norfolk, 183 
Norin,E., 37-9,^ 

Norman, J. R., vii 
Normandy (loess), 119 
N5rre-Lyngby culture, 65, 76, 82, 409 
North America, 128, 282, 407 ; (conti- 
nental drift), S02-3 ; (date of 
immigration), 282, 406 ; (pollen 
analysis), 07 ; (sea-levels), 128 
North Doums escarpment, 353 
NorUi France (sea-levels), 128-9 
North Holland (Sweden), 81 
Nortli Pomeranian moraine, 30-1 
Nortli Riigcr stage, 30 
NorUi Sea, 347 ; Drift, 183, 189-90 ; 
transgression, 90, 95, see also 
Dogger Bank 

Nortli-west Frontier Fro-\nnce, 276 
Nortli-west India, 413 
Noivician, 185, 187-8, 202, 285-0 
Nonvay, 76 

Norway, Maine, U.S.A., 334 
Norwegosamian, 309 
Norwich, Brickearth, 183-4 ; Crag, 
120, 187, 390 
Notcli, PI. XIV A 
Novick, A., 393, 487 
Nowak, J., 487 
Nucsch, J,, 487 
Nummcdal, A., 82, 444 


Oak, 58, 05, 75, 87-8, 89-94, 400, see 
also Mixed Oak Forest 
Oakley, K. P., vii, ix, 149, 191-4, 196, 
800, 420, 425, 450, 458, 409, 474 ; 
Horizon, 184 

Obermaier, H., 149, 154, 213, 219, 236, 
237, 244, 302, 405 
Obenversclien, 148-9, 153 
Obliquity of ecliptic, 135 
O’Brien, T. P., 249, 251, 254-0, 258, 
474 


Oder, 380 

Oeningen shales (Lake Constance), 38 
0-horizon, 255-0 
Old Red, 310 

Older Gravels (Vaal), 200, 271, PI. 
XVHI 


Older Loess, 122, 133, 158, PI. XII C 

Oldowan, 250-1, 253, 255, 250-8, 262 

Olduwi, (Olduway), 258, 423 

Olenellus scries, 310 

Olcniis series, 310 

Ollia, 230-8, 240 

Oligoccne, 310 

Olsson, A. H., 415 

Omaniru, 334 

Ondrodice, 419 

Ontario, 33 

Opava (CSR), 21-2, 150-1, PI. IV A 


Opik, E. E. J., 429, 482 
Oppenoorth, W. F. F., 278, 474 
Oraibi, 13 
Orange river, 260 
Oreula doliolum, 417 
Ording, A., 11, 401, 435 
Ordovician, 310, 313, 331, 357 
Ordrup Mose, 77 

Organic evolution as ‘ clock 308-11 
Orichinga Valley, 255-0 
Orogenesis (time-rate), 359 
Orogenio rhythms or cycles, 350, 358 
Orohippiis, 311 
Orr, P. C., 406, 474 
Ottobeuren Gravels, 117, 133, 155 
Ouljien, 179 

Overbeck, F., 73, 91, 345, 445 
Ovey, C. D., vii, ix, 340, 482, 483 
Oxfordian, 310 

Oxygen temperature determinations, 
67 


Paeific Ocean, 128 
Pack, F. J., 353 
Page, T., 348, 483 
Pahang, 37 
Pala, California, 334 
Palacocene, 310 

Palaeolitliic, birtliplace of, 167 ; in 
glaciated areas, 147 ; in peri- 
glacial zone, 148 

Palaeontological chronology (Pleisto- 
cene), 273 ; time-keepers, 807-8 
Palaeozoic, 308-9, 814, 848 
Palestine, 229, 293—4 ; (archaeological 
chronolog)^), 287, 421 
Palikao, 298 
Palmer, L. S., 197, 458 
Palsi, S., 84, 445 
Paludina horizon, 114-15 
Pan-African Congress of Prehistory, 
405 

Paneth, F. A., 347, 348, 429, 477, 483 

Panow, E., 487 

Pantatheria, 305 

Paolo, Lago di, PI. XVI B 

Papilio jnachaon, 388 

Pameus, Peru, 344 

Paradoxndes series, 310 

Parahippus, 311 

Pario, 301 

Parker, H. W., 430, 487 
Parker, W. K., 397 
ParpaUo, 295 

Passage Graves, 05-6, 84, 106 
Paterson, New Soutli IVales, 37 
Paterson, T. T., 189-90, 274-5, 475 
Patjitanian, 304 
Paudorf, 418 

Pavlova, T. T. A., 348, 429, 479 
Peacock’s Farm, 71, 94, 408, PI. V 5B 
Peake, H. J. E., 102, 445 
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Pcch clr VAtj^, 200 
Pei. \v. C., vii, 2Ta~J. non, IGT, 47 1, 4S7 
IVfci'imn Cave, ISl 

Pekin, 27a ; Man, see Homo ereeliis 
pehinensis 

Penck, A.. 115-17, 102, lai, 13t, aiO, 
•on, -t.'.O, 458, -105 

Penck's estinmte of Uie duration of tlie 
Icc Age, 131, l-Ol 
Pcncplanation (rate), 353 
Pcngellv, IV., -015 
Penielic, lSO-1 
Penninj^on, W., 01, -llj 
Pennsylvani.a, 332 
Pcnokcan, 300 

PenuUimate Glaciation, 100, I tO, 1-15, 
231, 238, 2(0, 277, 281, 285, 280, 

Pi. xir c 

Penultimate Interglacial, 115, 118, 127, 
115, 108, 171, 180, 101, 277, 285-0, 
287, PI. XU C 
Peorinn, 155 
Pcrniiev, B. IV., 30, 445 
Pericot, Garcia, IV., 205, 474 
Periglacial, area, 118, 110, Pis. X- 
XIII; conditions, PI. XIII «; 
rivers (succession), 133 
Perihelion, 130, 200 
Periwinkle, 51 
PerjAmos, 80 
Permian, 310, 325, 3 IS 
Permo-Carboniferous Glaciation, 30, 
350, PI. XX A 
Persian computations, 3 
Perth, Scotland, 30 
Perturbations, 13.5, 350 
Peters, E., 101, 458 
Pctersfcls, 74, 157, 101, 292, 415 
Petit Portelct, 178 
Pettersson, U., 337-0, 3 (0, 420, 483 
Pfaffenberg, K., 409, -I-IS 
Pfanncnstiel, 51., 410, 450 
Pharj-ngobranchialc, -hvalc, 397 
Phasmodea, PI. XXII A 
Phlegcr, F. 1?., 340, 420, 483 
Plioca viiulina, 430 
Pholas stage, 82 
Phragmites peat, SO, 75 
Pierre Beds, 313 
Pietersburg, 20-4 

Piggot, S., 97, 330-9, 4-17, 483, 485 
Pike, K., 102, 458 

Pilgrim, Guy E., 118, 274, 390, 413, 
414, 450, 458, 474, 487 
Pilgrim, L., 138, 450 
Piltdown 5Ian, 300, 414, see also 
Eoaiithropus 

Pin Hole, 195, 197, 200, 280, 200 
Pine, 57-8, 00-5, 07, 73-7, 81, 85, 
87-8, 01, 93-4, 102, 10 4-5, see also 
Pinus silccstris 
Pinjor stage, 270-7, 279, 413 
Pinnberg, 409 


Pintis mootnnn, 88. 91 ; P. petiifmae 
9. 17, PI. IT .1 ; P. sih-esirii, 15- 
17. 74. PI. I .-I. see aha Pine 
Pil)e s;indstone, 259 
Pilanga (Hrar.il), PI. Y .-t 
Pitchiilcndc, 317, 325-7 
Pitlieeantlimims, 301, 431, see n/<o 
Homo ereetiis erecitts 
Pir. Huin. PI. VII 11 
Pliieentalia, 310, 3(8. 305 
Placodcrm (Khes, 310, 305, 3GS 
I’laisaneian, 390 
Plantain. 78 
Plantation Farm, 94 
Platform of abrasion (rate of forma- 
tion), 353. Pis. XIV, XXI 11 
Plntijeleis grtsea. 388 ; P. oceiitenMis, 
379, 388 ; P. o.jersei/oiin, 379-89 
Pleistocene, 307, 310, ’.'US; (coali- 
ncnt-al drift), 302-,'! ; de[)osits 
(tropics), 255 ; (sulxlivisions), 118, 
273, 287 ; (subdivision, I-jist 

Africa). 250-2 
PIcochroic halos, 331 
PleiiTotomaria, 392 
Pliocene, 310, 3(8 ; (.Ups), 117 
Plio-PIcistoccne boundart', 28, 135, 
145, 273, 270-80 
Plutonic rocks, 323, .325 
Pluvials, 220 ; (Mcditerr.incan), 205, 
229, 209-70, 275, 205 ; (Sahara), 
2CS, 270 ; (Salmro-Ambian), 2 17- 
248 : (South Africa), 250-00, 2flt, 
271 ; (llieoreticid in tropics), 270 ; 
(tropical), 210-50, 254-5, 257, 
258, 200 

Podismnpsis gracilis gracilis, P. g. 

plcislocacitica, P.g. relicla, 381 
Pod.sol, 12,3-1, 3.50 
Poetjang Bed-s, 270 
Poireiia, 370 

Poland (Chfitelpcrronian), 213 
Poles of tlie carlli (displacement), 
300-1 

Pollcn-nnnlj’sis, 57 ; analytical cross- 
dating, 88; -diagrams, 59; -grains, 
58 ; -zones (correlation), 105, 
I’ollucitc, 334 
Polonium, 310-20 

Pomeranian, 31-2, 74, 113, 11.5-lC, 
118, 13.3, 153, 155, 102 
Pompeckj, J. F., 303, 408 
Pontian, 277 

Pontine Slanihcs, 219, 2.30, 24.3, 214, 
PI. XVI U 
Poplar, 88 
Port Talbot, 3(0 
Portalcs, N. Mexico, 35 
Porte du Bois, 107 
Portelct Bay, PI. XXI A 
Portland, 107 
Portlandian, 310 
Porto <le Ixjb.as, ISO 
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PortsmouUi, 197 
Portugal, 178, 185, 284 
Poser, H., 119, 450 

Post, L. von, 53, 57, 59, G2-5, 73, 104, 
414 -0 

Postglacial, 2G-S, 82, 118, 133, 238, 
SO”, 353-4 ; (astronomical dating), 
109 ; (climatic optimum, Europe), 
67, 84, 93, lOG ; (climatic opti- 
mum, N. America), 70 ; (climatic 
zonation), 105 ; (Nortli America), 
34 ; (optimum), 340, 400 ; (rate of 
spreading of species), 109 ; (Post- 
glacial-Pleistocene boundary), 28 
Post-Jfesolitliic damp phase, 231, 248 
Potassium, 429 
Potwar, 275 
Pozzuoli, 359 
Praeger, R. L., 107, 445 
Prag, R, 479 
Pre-Abbevillian, 259 
Pre-adaptive phase, 395 
Preboreal, 61-2, C5, 73, 94-5, 103, see 
also Subarctic phases 
Pre-Cambrian, 309, 332, 348, 358 ; 
Glaciation, Australia, 30 ; or- 
ganic carbon dates, 3GG, 398, 429 
Precession of equinoxes, 135^ 
Pre-CheUian (Commont), 167 ; (Moir), 
188 j (Wayland), 250-1 
Pre-Crag implements, 284-6 
Pfedmost, 151, 291, 302, 380, 419 
Pre-Elster boulder clays, 118, 155 
Prc-Flandrian, 128-9 
Pre-Folsom, 282 
Prcliistoric Society, viii 
Pre-Neolitliic high sea-lcvel, 99 
Prc-Solutrian, 174 
Pressure moraines, 112 
Prc-Stellenbosch, 287, 297, Pis. XVIII 
^,XIX A 

Pre-Tnrdcnoisian, 202, 2S0 
Preuiirm, 161, 200, see also Intra- 
Monastirian oscillation 
Primeval lead, 347 
Prince of Wales Is., 332 
Proconsul, 481 

ProSek, F., 291, 418, 459, 474 
Proterozoic, 308-9 
Proto-Aiirignaoian, 250-1 
Proto-Australoids, 279 
Proto-Lcvalloisian, 263, 287, PI. XIX B 
Protorthoptcra, 305 
Proto-Solutrian, 198, 200-2 
Proto-Stillbay, 259 
Proto-Tumbian, 255 
Protozoa, 393 
Prj-lukn, 164 
Przeslebie, PI. XIII B 
Pscudomousterian, 151 
Pscudopluvial, 205-0, 227, 295 
Pseudo-soliflnetion, 190 
Pscudo-Stillbay, 250 


Pseudotsuga dougtasii, PI. I B 
Psilopliytales, 310 
Pterosaurs, 310 

Pterygota, see Wingless Insects 
Ptolemy (coffin wood), 344 
Pueblos, Pis. II B, III ; Pueblo periods, 
12 

Pulchriphyllium crttrifolium, PI. XXII 
A 

Punjab, 275 
Papilla mtiscorum, 417 
Purbeckian, 310 
Pyddoke, E., 197, 459 

Quaternary Period, 307, 310 
Queensland, 280 
Quensel, P., 333 

Quercus, see Oak ; Q. sessilijlora, 03 
Quinby, G. I., 473 

Rabat, 182, 299 
‘Radiation clocks 416-17 
‘ Radiation curv’e 138 ; curves, 140- 
141, 247, 265 

Radiation producing mutations, 399, 
432 

Radioactive Carbon, 35, 81, 84, 109, 
280-2, 341-6, 400, 408, 425, 427 
Radioactivity, 317 ; (demonstration), 
318 ; (Pleistocene), 135 
Radiocarbon half-life, 415 
Radium, 817-18, 320-2, 325 ; Radium 
A-G, 819-21 ; Radium emana- 
tion, 819-22, 328, 338 
Radon, 328 

Rngabit el Halif bar, 233 
Ragunda, drainage varve, 22, 32 ; 

Lake, 20, 27, 42, 352 
Rahmanian, 202 

Raised beaches (Baltic), 40, 47-9 ; 
(Australia), 280 ; (Pleistocene), 
127-S ; (per cent, dating), 83. 86 ; 
(South Africa), 265 
Raistrick, A., 92, 445 
Raloiehaugen, 15, 390, 401 
Ramsay, W., 50, 445 
Rangifcr tarandas^ see Reindeer 
Rankama, K., 366, 308, 429-30, 483, 
488 

RfiO, 81, 82 
Rassenkreis, 383 
Rastall, R. H., 359, 481 
Rate of evolution, 311 
Ratibor, 150-1 
Raulianiemi, 24 
Raup, 69 

Rawe Beds, 253, 257 

Ray, L. L., 34-5, 282, 424, 468 

Ray Society, viii 

Reade, JI., 314, 433 

Reck, H., 257, 474 

Ilccttrrcnzjlache72, 04 

Red Beds, Colorado, 87 
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Red Crag (Pkisloccnp), 183—1 ; (Wnt- 
ton). 9T-S 

Red Deer, 132, 377 ; (I^^t Intcr- 
pLirinl. Jersey), (New Zealand), 
(Po'Jt-rleklocene, Brilain), 378 
Reeds, C. A.. 43, 4 to 
Refuge areas (glacial), 3SS 
Reid, C'Icmcnl, 57, 100, 187, 390, 4-10, 
459, .t88 

Reid, A. F., 311, 477 
Reindeer, 74, 80, 1.32, 237, 2t0, 211, 
.302 ; (Siicsia), 103 
Rcinerth. 87 
Rcinig, tv. F., OSS. 488 
Reiativc chronoiogj’, 40, 110 
Rcliabililv of dating (Pleistocene), 283 
Rellini, 302 
Rcnancmirt, 173, 291 
Rendzina, 350 
Renscli, B., 38.3, 388, 488 
Reptilia. .310, .305, .307-8 
Retardation, 142, 1-tt, 143 
Riia, 48-0 

RIialKJonemn stage, 48 
Rhactic, 310 

Rlicnish Schicfergcbirgc, 382 
Rhine, 100, 100 

Kfiodcsfo, Soutfiem and Nortfiern, 
259, 3t7 

Rliodcsian Skull, 298 
HlKjniella praccitrsor, 303 
Rliyllims, (climatic, Pleistocene), 13t; 
(in the liistory of the cartli), 337 ; 
(of perturbations and glaciations), 
142 

Bias, PI. XVI B 

Ribciro, O., 43 1 

Rice Itakc pegmatite, 330, 429 

Ricdschachen, 88 

Rict River, 200 

Ricu, E. V., vii 

Rift Valley (East Africa), 23 1, 238 
Riga, 48 

RigoUot, Dr., 107, 439 
Riley, N. D., 378, 488 
Riparo Mochi, 213, 245 
Riss, lie, 118, 133, 153 
Rissen, 152, 153 

River gravels, PI. XIII A ; terraces, 
112 (correlation with moraines), 
123 ; (Interglacial), 121 ; (Peri- 
glacial), 123 ; (tlialossostatic), 129, 
130 

Riverton, PI. XX A 

Rivciadcw Estates, PIs.XtTII B,XIX 

Riviera, 127-8, 238, 290 

Rixdorf Horizon, 114-15, 118, 387 

Roberts, F. II. 11., 14, 35, 435, 440 

Roches Noircs, 179 

Roclicstcr, 195 

Rocks suitable for radioactivity dating, 
323 

Roekj’ Mountains Glaciation, 03 


Rogers, E. 11., 409, 410 
Roman jK-riod, &1, 87, 93, 108 ; (Gallo- 
Roman), 174; (Scania), CO 
Rome, 301 

Homer, A. S., vii, 308-70, 071, 395 
398. 4SS 

Ronkonkoma, 3.3—1 
ROntger, 317 

nopke, tv., 1 IS 

Rostro-carinates, 182, 181. 188. 259 
RoUicgcndcs, 310 
Rouen. 172 

Roj-al Entomological Socictv, vii, PI. 
XXII n 

•Rublde ’ formation (arid), 250 
Rubidium, 333-1, 420 
Rubin, M., 310, 483 
Uiidersdorf, 111 
Rfigcn Is., 317 

Rtildmann, A., 170, 182, 202, 298, 453- 
459, 474 

Tlttmac hydrolapatliutn, 370 
Runcorn, S. K., 420, 483 
Rimton, Rmitoni.an, 189 
Russia, 103; (loess), 110; (Sa.ale 
Glaciation), li t ; plains, 295 
Rust, A., 73-3, 109, 118, 231, 412, 110, 
4.19, 499 

Rutherford, l45rd, 017 
Rutter, 135 
Ruweisat bar, 233 
Rydbeck, O., 4-10 

Saalc Glaciation, ,30, 111, 114-15, 
117-18, 133, 153, 155 
Saalian, 303 
Saccop.astorc, 223, 209 
Sahara, fossil dunes, 209 ; pluvi.als and 
caloric equator, 208; Stone Age, 
200 

Sahelian, 208-9; (prchisforic cultiva- 
tion), 207 

Saiga antelope, 132 
SU AcheuI, 108-70, 172-3, 191 
St Albans (Roman Villa), 350 
St. Andrew’s Fault, 303 
St Anthony Falls, 353 
St Johnstonbury (Vt), 33, 3-4-3, 155, 
283 

St Pierrc-Ics-Elbcuf, 172, 175, 410 

St Quentin, 370 

St Roeb-sur-Mer, 230 

Sainty, J. F., 185-0, 459 

Salcnin, 374 

Salfotorin, 305 

Salix polaris, 70, 87 

Salmony, 103 

Salopian, .310 

Salpausselkii, 30, 32, 40, 50, 100, 401 
Salt of ocean ns ‘ clock 310 
Salt Range, 275 
Sntzburg, 89 
Sampoeng fauna, 279 
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Sanakra-Habbub bar, 233 

Sandford, K. S., 233, 466 

San Diego, 406 

Sandr, 111, Pis- IX B, X 

Sangamon, 155 

Sangoan, 250-1, 351 

Sankalia, H. D., ix, „ 

S. JIaria della Sorresca, PI. XVI B 


Sanmenian, 274 
Santa bruz, 180 
Santander, 237 
Santis range, 153, 360 
Sao Paulo (Brazil), PI. V A 
Sapropel, 56 

Sauramo, M., 20, 22-5, 32, 47-55, 83, 
80, 106, 107, 359, 403, 445-6, 483 


Sauveterrian, 408-0 


Savignano, 295 
Samnills, 259 
Saxicava arciica, 81 
Sayles, R. W., 37, 135, 352, 446, 483 
Sc,andinn^nan area (dRnsions of the 
Pleistocene), 118, 133 
Scandinavian (isostatic rise), 47-8, 359 
Scania, 46, 50-1, 63, 104 ; (archaeo- 

logj’). 66 

ScliafTluausen, 89, 134, 154 ; moraine, 
154-5, 101 

Sclundcivolf, O. H., 394-5, 430-1, 469. 
488 


Sclilicrcn, see Diessenliofen moraine 
Schmalhausen, 1. 1., 430, 488 
Schmidle, W., 112, 154, 450, 459 
Schmidt, R. R., 149, 154, 408, 459 
Schmidtgen, O., 150, 159-00, 459 
Schmitz, F., 479 
Sclimitz, H., 89, 445 
Selmeider, J. SI,, 30, 91, 440 
Schona, Sweden, 01 
Sch&nhals, E., 418, 459 
Schoolplaats phase, 204 
Sdiostakosatsch, W. B., 39, 435 
Schott, W., 340, 483 
Schove, D. J., 402, 435 
Scliubcrt, E., 89, 440 
Schuchert, C., 5, 808, 315, 809, 483, 
488 

Schueht, F., Ill, 451 
Schukbah, 412 

Schulman, E., 7, 11, 402, 435 
Schulz, G., 112, 407, 451 
Schumaclier, foyer de, 408 
Schussenreid, 86, 88 
Schutrumpf, R., 73-5, 440 
Schattc, H., 92, 440 
Sclm-abedissen, H., 152, 459 
Schwartz, E., 17, 488 
Scliwarzbach, 30-7 440-7 
Sdiwarzer Berg, Dirschel, 151 
Schwdzcrbild, 134, 161 
Scorpions, 310, 305 

Scotch pine, PI, I A, sec Pine and Pinus 
silvestris 


Scott, D. L., 37, 436 ; J., ix 
Scourfield, D. J., 365, 488 
Scrobicularia Clay, 95, 96-9 
Sea Buckthorn, 74 

Sea-Ievels, (continuous drop in Pleisto- 
cene), 145 ; (as chronological 
guide), 273 ; (in geological his- 
tory), 357 ; (low, glacial), 129 ; 
(near Nile delta), 233 ; (as abso- 
lute time-scale), 144-5 ; (Pleisto- 
cene), 127-9 ; (Postglacial rise), 
09, 402, 403 ; (rate of rise), 354 ; 
(succession), 133 
Sears, P. B., 67, 447 
Seasons (length of), 130, 138 
Sea-urchins, 374-5 
Sebilian, 246-8 

Secondary effects of ice-sheets, 142, 205 

Sedimentation rates, 313-14, 315, 355 

Seed-fems, 310 

Seine, 172 

Selenium, 839 

Selsey, 197 

Semipaltinsk, 378 

Sentee, 380 

Senonian, 310 

Sensitive rings, 9 

Senter, F. H., 435 

Sequoia, 16-18, 402 ; [washingtoniana), 
IS 

Serapis, temple, 359 
Sergi, S., 223, 406 
Sesostris (funerary boat), 342 
Sewertzoff, A. N., 395, 397, 488 
Shapley, H., 484 
Shark-like fishes, 309, 305, 368 
Slicldon, J., viii, x 
Sheringham, 188 
Shetelig, H., 82, 447 
Shilihotse Series, Shansi, 37 
Shore-lines, (Britain), 106 ; (altimetrie 
& palaeontological), 179, 182 ; 
(Pleistocene succession), 128 
Showlow, 14 

Siberia, 163-4 ; (frozen mammoth), 
386 

Sicilian, 128, 133, 144, 180, 185, 286 
Sicily, 294 
Siegenian, 310 
Sierra Nevada, 15 
Silent river, Ireland, 39 
Silesia, 350, 359 
Sill, 324-5, PI. XX B 
Silurian, 310, 313, 348 
Silver Lake, 35 
Silvretta, Pis. VII, XI 
Simpson, G. C., 141, 450 
Simpson, G. G., 311, 892, 398, 430-1, 
484, 488 

Sinantlmopus, 431, PI. XXIV A ; see 
Homo erecltis pekinensis 
Sind, J., 175, 177, 459 
Sipila, 24 
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Bipk.i slnRC, 151-C 
Sipplinpcn, SO 
Siretorp, -10 j 
SilLnrd, 315 
Snvaliks. 271, 270, 270 
Skriniinhcde series, 153 
Skhul Cave, 220, 213, 200, 301 
Skiddavian, 310 
Skipsca, OJ, -100 
Slender Nnias, 07 
SIcsvig (bcccli in), 8S 
Slindon, lOG ; Park, 107 
Small, J., 301-2, .1.30, 4SS 
Smith, II. A. S., 302, .181 
Smith, li. A., 101, 1.70 
Smithllcld, culture, 2C4. 

Smit Sibinga, G. L., -lOn, .175 
Snowline, 111 

Scan, (culture), 27G-7, 287 ; (river), 
275 

Soberg, 78 

SoeittC Jersiaise, vii, 178 
Sodium method, 31.1-10 
Soergcl, W., 110, 125, 151, 15C-8, ICO, 
200, 281, 385, 103, 150, 159-00, 
175, .188 

Socstcivccn, Holland, GO 
SOhnge, P. G., 259-00, 2G3-1, 175, PI. 
XIX /I 

Soil, 120, 123 ; chart of Europe, 123 ; 
horiMns, PI. XII Z? j proOlcs 
(rate of formation), 310 
Solar, constant, 18, 19, 111 ; * Solar 
cuia'cs ’, 4.t ; radiation calculated, 
137 ; radiation (influence on 
climate), 139 ; Hadintion (tropics), 
205 ; radiation (units), 139 
Solger, F., 112, 450 

Solifluclion, 119, 157, PI. XII C; (in 
sunk channels), 130 
SoIIas, W. J., 31.1-10, 481 
SoUeftc.^, 101 
Solo river, 279 

Solomon, J. D., 183, 189, 251, 252, 
231-0, 238, 400 
Solstices, 130 
Solutr6, 171 

Solutrian, 151, 153, 155-02, 103, 100, 
172, 174, 201, 202, 237, 238, 210-1, 
2.1-1, 280, 287, 291-2, 295, 302, 
303 

Somme, 1.30, 133, ICC, 107 
Sorex arannis frelalis, 380 
Sosnowskij, G., 103—1, 400 
South, Africa, 239-00, 297 ; (archaeo- 
logical chronologj’). 287 ; Aas- 
tralia, 280 ; France, see Uivicra ; 
Pomeranian moraine, 30-1 ; Scania 
moraines, 29, 31-2 
Spain, 291-C 

Species, (defined), 377, 380 ; evolution 
(rate), 375, 377 
Spencer, A. C., 316, 481 


SpcrenbciT;, 21, Pi. IV /I 

Sphagnum i^cat, 50, 93, 107 

Spiriferacea, 372 

Spiriferidae, 372, 371 

Spitalcr, H., 138, 200, 113, 450, 175 

Spitsljcrgcn, 110 

Sprigg, U. C., 280, in, 150, 175 

Spruce, 57, 03, 05. 83, 87, 101 

Spy, 299 

Squantum TiUitc, 37 
Stach, J., 187 
Stalagmites. 198, 221, 237 
Statlinps, IV. S., 435 
Stamp, L. 11., 101, 117 
Stanilard deviation, .(27 
Stanislawow, 381 

Star Carr, Yorkshire, 91, 315, 40S-'i 

Stark. L., 57 

Start Point, -110 

Stanmia, 381 

Stiwi, P. E., vii 

Stmifcnbcrg Gravels, 117, 133, 155 
Steck, 13^1 

Slchlin, H., 153. 389, .153 
Steinheim skull, see Homo slein- 
Iteimctisis 

Stein-Singer moraine, 151-5, 101-2 
Stellenbosch, 253, 250-7, 202, 287, 297, 
Pis. XVIII A, XIX A, li 
Stcllmoor, 75, 409 
Stcnobothnis poslhumoides, 381 
Stephanian, 310 
Stetson, H. T., 19, 435 
Stillbay industrj', 230-1, 239, 201 
Stockholm, 28 

Stockwcll, .1. N., 137-8, 142, 430 
Stoddard Mine, 832 
StoIIcr, .1., 4-17 

Stone Bed, 183, 183, 187, see Basement 
Beds and Bone Beds 
Stone cist.s, 00 ; -counts, sec Geschic- 
Ijeziihlung ; -rings, PI. XI 
Stone Lake, Ont., 33 
Stoyko, N., 420, 481 
Straight-tusked elephant, sec Elephns 
antiquus 

Straits of Dover, 100-2 
Strchlcn, 343 

Strombus-fuuna, ICl, 201, 221, 2.30 
Strontium, 333—1, -120 
Strutt, U. J., 48 1 
Subarctic phases, cO-1, 03 
Subatlantic phase, 02-3, 73, 88, 03 
Subborcal phase, 02, 01-5, 73, 88, 91, 
05-0, 102, 103, 100-7, 330 ; 

(North America), 70 
‘ Subglacial ’, 01 
Subglacial, iii, PI. IX A 
Subspecies (defined), 377, 381 
Sudanese belt, 208 
Siidburian, 309 

Sudeten Mountnin.s, 21, 38, 57, 150, 
352 , PI. rv A 
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Suess, F. E., 332, 4S2 ; H. E.. 34G, 429, 
483-1. 

Suffolk, 183, 194, 332 

Suflides, 332 

Sumatra, 413 

Summers, R., 239 

Sundgau Gravels, 117 

Sunk dianncls, 130 

Sunset Crater, PI. II B 

Sunspot cycle, 10—18, 43, 312—13, 350 ; 

(in Palaeozoic), 37 
Suomusjarvi culture, 86 
Suslik, 382 
Sussenbom, 157, 386 
Sussmilch, C. A., 36, 447 
Svnerdborg bog, 76, 409 
Svea river, 52-3, 403 
Svecofennian, 309, 358 
Sviridenko, P. A., 382, 488 
Swabia, 86, 116, 133 
Swaffliam, 94 
Stvallorvtail, 888 

Swanscombe, 129, 131, 171, 190-1, 197, 
288, 304, 303, 412, 420, 426, 488 ; 
skull, 281-2, 299, 305-6 
Swansea, 97 

Sweden, 64, 76 ; (harbours dry), 360 ; 

(Postglacial divisions), 73 
Sainnerton, H. H., 95, 447 
Saitzcrland, 86, 89, 110-17, 153, 360 
Sjunposium on Early Man, 282 
Syria, 229, 231, 234, 243, 421 
Systematic mutations, 419 
Szafer, W., vii, 408 
Szelctian, 291, 294, 306 
Szilard, L., 393, 487 

Tabum Cave, 178, 229-31, 243, 299 

Taiga, 122, 132 

Tait, P. G., 465 

Talbot, G., vii 

Talgai Skull, 280 

Tanganj-ika Rift, 258 

Tanner, U., 447 

Tapfer, 405 

Tapints, 303 

Taplow Terrace, 131, 194 
Tardenoisian, 73, 94, 162 
Tartanga skeletons, 280 
Tasmania, 280, 362 
Tasmanoids, 281 
Tatrot, zone, 276-7, 270 
Taubach, 299 

Tauber, H., 340, 408, 443, 481 
Taungs, 260 

Tayacian, 181, 201, 230, 234, 239, 
286-7, 289-90, 304, 413 
Tajimat (Syro-Hittite pinewood), 342 
Taylor, 361 
Tciiad, Lake, 269 
Tdiemadn, D. V., sdi 
Tectonic movements (time-rate), 359 
Tcgclen, 277 


Teichert, C., 280, 475 

Teilhard de Chardin, P., 273, 467, 475 

Teixeira, C., 179, 460 

Teleconnexion, 16, 38, 39-42, 402 

Tellieiras, 180 

Temiskaming, 309 

Temperature and solar radiation, 141 
Tennessee, 332 
Tepexpan Sian, 406 
Terebratulidae, 369 
Terminal moraines, 112 
Ternifine, 298, 304 
Terra, H. de, 273-9, 406, 413, 475 
Terra Rossa, (Romanelli), 225, 294 ; 
(soil), 123 

Tertiary’, 309-10, 332, 348, 357 ; 

(man), 184-5 
Tesch, P.. 114, 450 
Tester, A. C., 451 
Tetxacorals, 310 
Tetuan, 423 
Texada Is., 832 
Thaingen, 89 

Thalassostatic river terraces, 129, 130, 
133 

Thalweg cutting (rate), 352 
Thames, 100, 130, 133, 412 ; Valley 
Glaciation, 131, 191 
Thanet Sand, 191, 193 
Theia cartusiana complanala, 224 
Theodoxus, 369 
Theromorpha, 310 
Thetford, PI. XII A 
Thickness of strata, 314 
ThKry, P., 378, 487 
Thode, H. G., 429, 478 
Thomas, H. D., vii 
Thompson, R. W., 347, 482 
Thompson, W., 484 
Thomson, P. SV., 447 
Thorium, 319, 320, 326-7, 329; 

emanation, 328 

Thombury, W. D., 135, 351-2, 484 
Thorpe (Norwich), 185-^ 

Throm, 151, 153 
Thuja, 160 
Thun Lake, 133-4 

Tlmringia, 133, 148, 159-60, 284, 312- 
313 

Tiber, 130 
Tibesti, 269 
Tibet, 378 

Tichorkinus antiquataiis, 132, 150 
Tilbury Filling Stage, 131 
Tilia, see Lime ; T. cordata, T. platy- 
phyUos, 58 
TiUite, PI. XX A 

Time-frequency curv’es, 370, 372-6 
Timor, 360 

Tindale, N. B., 280,470, 475 
Ting, 38 

Tingstade Trask, 15 
Tjaele, 119 
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Tji DjoLm^ fauna, 270 
Tocpfcr, V.. ICl. 2S3, -158. 488 
Toil, A. L. clu. vii, no, 205, 301, 

405, 441. -MT, 451, 408, 475, 484 
Toknrski, J., -487 
Tonfiiorpi, E, 405, 400 
Toome, 103 
Torbn'nn, 409 
Toronto, 40 
Tortoise, ICO 
Tournaisian, 310 
Trapulidac, 809 
Trail, PI. XII A 

Transjjrcssion (limc-ratcs), 331, 357, 
301 

Travertine, 150, 100, 2tC 
Tree-Ring Bulletin, 11, -435 ; clirono- 
logY, 11 ; dating, <400-2 ; duplica- 
tion, 0; graplis,7; irregular rings, 
0 ; plots, 8-9 ; Radiocarbon, 342 ; 
Scquoui, 31-4 ; Roman, 401 
Trcmadocian, 310 
Trengganu, 37 

Triassic, 310, 331-2, 337, PI. XX B 
'I'rielitcrbecher, 408 
Trilobitcs, 305 
TrindjTC Period, 403 
Trinfl'fauna, 279-80 
Troels-SmiUi, J., 34, 77-9, 100, 408, 4-47 
Trof’oniherium, 108 ; T. eurvieri, 131 
Troll, K., 110, 447, 451 
Tropical zone, radiation cj’clcs and 
climate, 208 ; pluvials, 413 
Troppau, see Opava 
Trotter, 38 
Trim, Spain, 332 
Trj'on, L. E., ,340, 481 
Tufa, see Travertines 
Tulc Springs, Nevada, 480 
Tumbian, 250 

Tundra, 73-4, 84, 105, 119, 132 
Turnbull, L. G., 470 
Turonian, 310 
Turville-Pctre, 412, 400 
Tuscany, 389 
Tuve, -M. A., 420, 484 
Two Creeks, 400, 414 
Tj7>ologic.al succession in France, ICO 
TjTrhenian, 128-9, 131, 133, 14-4-5, 
107, 171, 175, 180, 191, 193, 190 


Udden, J. li, 37, 447 
Uganda, 349-51, 208 
Ukraine, 103 
UUyott, P., 101, 447 
Vlmxts, sec Elm 

Umbgrove, J. H. F., 350-7, 301, 391, 
484, 489 

Undercut, Pis. XIV A, XXI B 
Universe (age of), 347-8, 429 
Unstrut, 148 

Upper Cave (dioukoutien), 274 


Upper Ch.nlky Boulder CT.iy, ISD-Po 
194 

Upper Fresliwntcr Bed, 188 
Upper Pnkieolithie, 231, 281-2 "Sr 
293, 290-7, 303-4, 305-0 ; (IndLi); 
270-7 ; (migrations), 293-4. 200;' 
(Norfolk, Yorksbire). 190 ; (Ori’- 
gin). 300 : (rapid clmiiges), 291 ■ 
(replacing lower), 242 ; sl,ort 
chronologj-, 410 ; (Tlmmes), 105 ; 
see also sulxlivisions ’ 

Urals. 332 

Uranium, 317, 319, 321-3, 324-7, 329 
Urnficld Period, 0-4 
Urrv, IV. D. 330-1, 330-9, 310, 478 
IS3-5 

UrstromlOIcr, 112, Pis. VII C, X A 
Vrssis oTctos, V. spelaeits, 132 
U-sbaped vallcv, PI. VII A 
Utah, 38 

Ui-arov, B. P., vii 

Va.al river, 259-00, Pis. XVIII, XIX ; 

basin, 200 
Vail, O. E., 38, 447 
Val d’/\rno, 380-90 
Vnlangininn, 310 
Vnlcntinn, 310 

Vallois, H. V., 208, 400, 475-0 
Vallonia pukhelta ; coslala, 417 
Valocb, K., 458 
Valtlicrmond, 00 
Vnrbcrg, 81 
Variable Hare, 132 
Vnriscian, see Ilcrcj-ninn 
Varied deposits, 20, 312 
Varies, (Alps, Pleistocene), 39; 
(Argentina), 39, 40 ; (Brazil), 35, 
PI. V A ; (Canada), 42 ; (Chile), 
39 ; (China, Permian), 37 ; 
(Colorado, Eocene), 38 ; (Colorado, 
Tri.assic), 38 ; (East Africa), 30, 
42 ; (Estonia), 89 ; (Finland), 
22 0., 32 ; (Gkrus, 01igoccne),3S ; 
(Harz, Permian), 37 ; (Ilarr, 
Pleistocene), 38 ; (llimalay.as. Ice- 
land, Ireland), 39 ; (Linz, Oligo- 
ccnc), 38 ; (Jlalaj-a, Tri.assic), 37 ; 
(Manitoba), 40 ; (Newfoundland), 
39 ; (New SouUi Wales, Carboni- 
ferous), 37 ; (North America), 33 ; 
(New Zealand), 39 ; (Oeningen- 
Mioccnc), 38 ; (Poland), 39 ; (Pre- 
Cambrian), 347 ; (Russia), 39 ; 
(Scotland), 38-9 ; (South Africa, 
Pre-Cambrian), 37 ; (Stjaia, Sude- 
ten Mts.), 38 ; (Sweden), 22 0., 
20-7, 40, 42 ; (Texas, Permian, 
Thuringia, Devonian-Carbonifer- 
ous), 37 ; (Toronto), 40 
Vnn-cs, non-annual, 31, 30 
Vaufrey, R., 225, 227, 248, 251, 204, 
400, 470 
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VaulUcr, M., 179. 

Vaumas, E. de, 422, 406 
Veazo, S., 143, 410, 416, 451 
Verccniging, 260, 262 
Vermes, 310, 403 

Vemeau, R., 206, 210, 212, 464, 466 

Verri, A., 466 

Verseveldt, J., 411, 451 

Virtes, L., 460 

Verligo pygmaea, 417 

VcsteigSUand, 28 

Viareggio, PI. XVI A 

Viborg, 88 

Victoria, Falls, 259 ; Lake, 252-7 ; 
West, 203 

Vierke, M., 20, 30-1, 447 
Vig, 409 

Viking Period, 64, 60, 84 
Villacariedo, 230 

Villafranchian, 118, 183, 274, 270-7, 
279-80, 285-6, 307, 884-5, 889-90 
Villeneuve, L. de, 207, 211, 464 
Vineta, 401 

Vinogradov, A. P., 348, 485 
Virginia, 332 
Visian, 37, 310, 313 

Visser, D. J. L., 239-60, 263-4, 475, 
PI. XIV A 

nerk, J. lil. van der, 403, 410, 451 

Voelcker, I., 157, 400 

Vogelsbcrg, 104 

Volcanic rocks, 323, 327 

Volcanoes, 823-4 

Volhynia, 164 

Vosges, 89 

Vri, 70, 405 

Vries, H. de, 343, 485 

Vyatka, 378 

Vysakaya, 332 

Waal, W., 358, 485 

Wad Cove, 229-31, 243, 245 

Waddington, C. H., 398, 432, 489 

Wndell, H., 39 

Wadjak men, 279 

Wady Natrum, 234 

Waediter, J. d’A., ix, 236, 421, 406 

Wagner, W., 150, 159, 459 

Walmscliaffe, F., Ill, 451 

Walcott, C. D., 308, 310, 314-15, 485 

Walker, A. G., 408, 485 

IVallace, P., x 

Wallensen, 344 

Wallertheim, 150, 158, 201, 381, 409 
WaloII, Z., vii 
Walpi, 13 

Walton^on-thc-Nazc, 97 
Wallonian, 183, 390 
Wangen, 148, 153, 192 
Warm-bloodedness, 898 
Warren, S. H., 97-9, 191-2, 288, 447, 400 
Wnrthe phase, SO, 113-14, 118, 133, 
153, 155, 189, 409 


IVash, 92 

Washbume, PI. V A 
Waterbeach, 197 
Waterbolk, H., 408, 447 
Water-dock, 379 
Waterfalls, recession of, 353 
Watson, coll. (Jersey), 178 
IVatson, D. M. S., vii 
Watson, F. G., 478 
Wayland, E. J., 476 
Weakly, 9 

Weathering correlation. North America 
and Europe, 41 

Weathering, processes, 135, PI. XII B ; 

(time-rate), 349 
Weber, C. A., 01, 109, 447 
Wegener, A., 139, 360-3, 407, 449, 481, 
485 

Wehrli, H., 489 

Weiohsel Phase, 111, 113, 117-18, 
133, 153, 155, 190 

Weidenreich, F., vii, 273-4, 297-8, 300, 
430-1, 476, 489, PI. XXIV A 
IVeimar, 159-60 
Weinberg, 151 
Weiner, J. S., 300, 426, 476 
Weinhouse, S., 341, 477 
Weissenfels, 148 
Weisswasser bog, 57 
Wellenhofer, 400, 485 
Wells, L. H., 469 
Welten, M., 89, 109, 448 
Wenlockian, 310 

Wenz, W., 158, 370, 392,408,460, 489 

Wernert, P., ix, 158, 408, 460 

Wervecke, L. van, 117-18, 155, 451 

West, R. G., 420-1, 460, 461 

West Prongo, 391 

Westerby, E., 448 

WestoU, T. S., 365, 367, 489 

Westphalia, 102 

Westphalian, 310 

Westward Ho, 409 

Wetherill, G. W., 426, 485 

Wetzel, R,, 234, 422, 466 

Wej’boume Crag, 184, 185-8, 390 

Wheeler, R. E. M., vii 

Whitaker, W., 354, 485 

White, H. J. O., 197, 461, 476 

mite, S. E., 406, 473 

Wickman, F. E., 328, 485 

Wiegers, F., 149, 151, 461 

Wiener, 138 

Wiesbaden, 409 

Wiggenhall St. Germans, 95 

Wildkirchli Cave, 153 

Wilkes Land, 362 

Willendorf, 151, 418 

Williams, H. S., 5 

Willow, 57, 65, 67, 74, 94, 102 

Wilton Culture, 250, 258-9, 264 

WindmiU Hill, 81, 98 

Windsorton, 200, Pis. VIII B, XIX 
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Winclcss Insects, niO, 33S-C0 
IVinkler, A., ns, 4 tS 
M'iscoasin, 15.". 2S2, C30, 331 
■\Viscman, J. D. H., 3 JO, 4S3 
IVittmnnn, O., 3G1, 4S3 
Wocrkoni, A. .1. .1. van, 138. 414, 431 
IVoldstedt, P., 114, 11 G, 148-30,410-11, 
431, 401 
IVollin, 401 

IVoodmird, A. Smith, 470 
Wooldridpe, S. W., 129. 333, 411, 4S3 
Woolly Rhinoceros (Stnmnin), 381, see 
Tichorhintis 
Worms, see Vermes 
Wright, H. E., 412, 400 
Wriglit, IV. B., 52, or, 72, 310, 4-tS, 400 
Wundcrlv, J., 281, 470 
Wundt, iV., 139, 200, 413, 431-2, 470 
Wupatki, PI. Ill A 
Wurm, lie, 118, 133, 153-4, 410 
Wyoming, 38 


Xemtsion auerszcaldae, 303—1 
X-raj-s, 317-18, 432 


Yarmouth, 153 ; Interglacial, 351 
Year, length of, 45 
Yelland, 409 
Yemen, 208, 248 


Ykov, S. I., 4S5 
Yoldia Sea, -17, 51-2, 81 
Yorkshire, 190 
Young, C. C., 273, 407 
Younger, Grav-cls (Va-al), 27i, pp 
XVm B, XIX ; Ix)css. 122 1-3' 
151, 150, 1.39-00, 100, 172-.3,'41S 
(on nneient Ijc.arhes), 129- m' 
158, 1.39, 418 
Yrtodc Sandskog, 78 

Zaborski, B., vii 
Zadorojni, .1. Iv., 483 
Zamba-Pfefrermann, 411, 432 
Zbys7cx\ski, O.. 179, 431, -ICl 
Zebras {Kquits slenonis), 131 
Zeclistcin, 310 
Zeeland, Denmark, 01 
Zcmljakofl, B. I'., vii 
Zenobxella incamata, 221 
Zero varve, 20, 28, 42, 402 ; see 
Rngundn drainage vars’c 
Zeuner, F. E., 435, ‘1-18, .119, 432, -101, 
405, 400, 470-7, 483-0, 489 
Zloty Potok, PI. X A 
Zobten, 151 
Zuravka, 103-4 
Zurich, Lake, 110 

Zurich-Singen-OlkOfcn stage, see Stein- 
Singen moraine 



Plate J. — .-1. Micro-section tlirotigh iin nniuial ring of Scotch I'iiic (I’iiiiis 
silvcstris L.)t showing the difTcrcnccs in ccll-striictnrc which produce tlic ring-, 
At llic top edge, small and thickly- walled cells of the ring of the prccciling year 
arc visible. ^Vhen growth sets in in .spring, large, thinly-walled cells arc formed. 
As the season proceeds, the cells become smaller and more thickly-walled, In 
summer, growtli stojis after several rows of very small, very thickry-wallccl cclK 
have been formed. — Ileproduced from British Sltnirlartls, no. 505, svit’h pcrmi.ssion. 

B. Cross-section of a log of Psciidolsuga (louglasU, a North .American conifer, 
showing how the width of the rings decrca-scs with tlie ngc of the tree. — Ucprn- 
duced from British Standards, no. 505. with permission. 





Plate II. — /■t. Wood of Pintit potiilrro^a nortli-casl of KIiipilafT, Ari/oim. 
U.S.A. This jiitie 1ms .supplied most of the lo^s used hi (he coiistniclioti of 
Indian pueblos, lioth prehistoric and historic. On it the trec-riiiK time-scale 
of Arizona depends. — I’hoto, M. S. Johnston. 

D. Kxcavation of a prehistoric pit-house of the early I’liehln jicriod, north-east 
of Flapstaff, Arizona. Note the remnants of poles in the ftround. From tliese, 
sections are taken and the rings studied in the laboratory. The houses of this 
period were buried by volcanic ash from the cnijition of the ncighltouring Sunset 
Crater, about a.d. 800. — I’hoto, M. S. Johnston. 








Plate lit. — .4. \Yu()atki, near FInirstnfl. Arizona, a min of tlir I’ncblo 111 
period datiti" from nlwiit a.i>. 1100. A mn<onrj- slmeltin- in nliieli l)cani<i acre 
used in the manner slioa-n in fi". li. — I’ltolo, M. S. .lolmston. 

B. Modem house (actually a <rar:>p?) at Ouncron Tr.nlins Tost. Arizona, 
illustrating the use of wooden beams in the eonstmetion of pueblo houses, Tlic 
ring-dates supplied by a number of these beams indicjite the appmxiinate litnc 
of the cutting of the trees and, therefore, of the building of the houses. .\s 
regards re-use of older iH'ams, see p. 12. — Photo, M. S. .lolmston. 









Plate IV. — .-1. A series of very course varves ovcrlyin”, ami tlevelnpiiif; from 
placifliivial .sands and pravcis, at Opava, Sudeten Monninins, r/erlinslov.ildn. 
Note tlie extmordinniy tliiekncss of tlie first six- varves. — l>)ioto, F. K. Zenner. 

D. A series of sandy vnr\-es ovcrlyiii" placifluvial sands at Sperenberji, near 
llerlin, of the Ilrand'cnlmrgian pliiisc of tlie Weiehsel Gl.iei.xlinn. — I'lioto, 
F. E. Zeuncr. 




B 






Plate r. — .-I. I^lc Palaeor.oic van-ctl olays from Far.. I’itnnpi, west of 
Limeira, State of Sao Paulo, nrar.il. Polished section of a drill-core from a depth 
of 202 metres. — From Waslihurnc, IJol. Comm, peopr. peol. Sao Paulo, no. 22, 
fip. 33 (1030). with permission. 

jB. The scfpience of peat nnd fen-clay at Peacock's Farm, Camhridpeshire 
Fcnland, — Photo, J. G. O. Clark. 



UPPER PE4^ 



Plate VI. — .-1. Spil-sliapcd sliin<;]c-l)c)icli of tlic I^atc Glneial lvnI;eAl"ni)qtiin, 
North America. \Vc.st side or Gore Bay, Mnnitoulin Island, of the present Bake 
Huron, Canada. — Plioto, M. S. .ToUnston. 

/?. Two high beach levels of Postglacial age. east side of Gore Bay, Manitoulin 
I.sland, Liike Huron, Canada. The modem hc.aeh and the lake arc seen in the 
distanec. — Photo, M. S. .lohnston. 








Plate I'll. — .1. Jlorsiint's of llic I'crnumt fJIacicr. Silvtvlt!i, Alps. Alxiiit 
7,-UKl ft. nliovc sca-tcvel. I^ookiii" down tlif valley, one liotiees the f.stia|K' 
of its cross-section, due to tlic crosional activity of tlic ice dnrine llie lee 
'flic placicr lias recently rcireatcti, and the moniines of the halt of IS.'id stand 
out by their freshness. A low wall, the tcrinin.’d moraines (well visible in the 
forcfrronnd). siirroimds the area of eo.arsc l>ottom moraine. Meltwater has rnt 
a jnilley in the wide flat Irottorn once occupied by the iee. rcatnres of this Kind, 
on a much larger scale, were left behind by the ricistocene glaciations of the 
lowlands, and they provide the .skeleton of the climatic rhronologj- of the 
I’alacolitliic. — Photo, F. K. Zeuner. 

11. Liitcral moraine of the Fermunt Glacier, Silvretta, .Alps. Alnuil tt.tlOO fl. 
above sea-level. I.ooking upstream towards Fir. lluin (ll.Ojil ft.), laiteral 
inotaine on the left, ice oh the right. The lower portion of the ice is satumted 
with cnglacinl moraine, whilst the upper is clean and white. Knglacial moraine 
has supplied a large portion of the deposits known ns boulder-elay. — Photo, 
F. E. Zeuner. 

C. ‘ Young End-moraine ’ of the AVumi Glaciation of the Alps, nl Ileistcrkirch, 
upirer Swabia. Standing on earlier glacial deposits, one secs the forested crest 
of the moraine in tlic distance, and, in front of it, the bottom of the iirslroinlal, 
the glacifluvial valley which drained the mcllwalcr from the moraine. — Photo. 
F. E. Zeuner. 






Plate Vlll. — A. Bottom or prouncJ-moRiiiu- (l)OiiI(]cr-day) i-oiiiitry of Dip 
romcRinian Blia«e, in the foreground, witli an iiiuimined IioIIoh' (‘kcttle-liole’), 
probably formerl by the thawing-out of a lump of dead-ice. Among ntlier 
feattircs, kettle-boles are evidence that tlie district was glaciated comitandivcly 
rcecntly. North of the Great Baltic End-moniine itcar Et)crswalde. north 
Germany. — Photo, F. E. Zetmer. 

B. Section in the Great Baltic End-moraine of the Ponteranian I’liase, shnwing 
s.andy moraine and some Itoulder-clay (on left) containing cnormotis quantities 
of boulders {‘ erratics '). These are large enough to 1 k‘ qtiarricd and shai>od into 
pavement -stones, wliich arc seen st.aekcd up in the foreground on the right, 
and on the middle level of the pit on both sides of the screen, .loachimstlial, 
near Eberswaldc, north Germany. Esndenee of tliis kind plays a great part in 
the reconstruction of halts of the ice and, therefore, of tlie relative clironology, 
both in the Scandinavian and iMpine areas of glaciation. — Photo, F. E. /.euner. 





Plate JX. — A. ‘ Stibglncial Iiiki-,' a watcr-cliarmcl formed below tlie ioe and 
now occupied by a narrow lake. Area of the Great Bailie Knd-momine, neat 
Ebcrswalde, north Germany. — Photo, F. K. Zcmier. 

J3. Coarse, cross-bedded olacifluvnal gravel, constituting the saiulr of the 
Great Baltic IJnd-morainc, near Eberswaldc, north Germany, — Photo, P, B. 
Zeuner, 

Plates VJl, A, Ji, C ; VJIl, A, U ; and iA', A, illustrate ‘ fresh glaciid surfaee. 
features ’ as observed in areas which have been iec-free for ,'i relatively short 
time. Ground-moraine (PI. I’Jii, A) lies to the north of a belt of hilly end- 
moraines (PI. J'lll, Z?) intersected by chains of lakes of suhgineial origin 
(PI. IX, A). The end-moraines pass southwards into sheets of glaciHuvial 
gravels and sand (the ‘sandr’) which is coarse near the mor.iine (PI. JX, D). 
The sandrs are often pitted with kcltlc-Iiolcs and intciscctcd by chains of sub- 
glacial lakes in the same way as arc the ground-moraine areas (PI. Pill, A). 
They grade into one of the large valleys which carried the water Imth of the 
glaciers to the north and of the rivers coming from thesoulh, westwards into the 
sea (sec PI. A", A, and PI. VJl, C, for an example from the Alpine area). 






Plait X. — A. Dune sands in an urslromtalf nt Ztoly I’otok, near r/(;sl()flmwa 
Poland. The urslromtal probably dales from the \Varlbc Phase. Stieh ‘ dune 
fields ’ arc not unfrcqnently found on the floors of the "real olacillnvial drainasjc 
channels. From the shape of the laisjer dunes the direction of the prcvailinp 
wind at the time of their formation can be deduced. This particular fichl of 
inland-dunes is active at the present time. Most others have Ih-cii fixed by 
vegetation nt least since Atlantic times ; they arc of eonsidenibic nrchacologiral 
interest since the relation of the sites to the dunes often gives a clue to their age. 
— Plioto, F. E. Zcuncr. 

O. A ‘ dreiknnter,’ a quartzite boulder faceted by blo>\7i sand, on the surface 
of a sandr stratum nt Knmenz, middle Silesia. Evidence of intense wind action 
during the glacial phases. Much of the loess is dust blown from the sandr l)cll 
into the steppe zone of the pcriglnci.al area (sec PI. XI J, B). — Photo, F. E. Zcuncr. 







Plate XI. — j*!. Three stone-rings or brodcl-ccnlrcs in eoiirsc morainic debri'!, 
Klostcrtal Glacier, Sileretla, Austrian Alps, about 7,400 ft. al)ove sea-level. 
A measure, 8 inches long, lies on tiie second ring. Urodcl phenonicna are caused 
by regularly repeated freezing and Ihnuing and nrc typical of snow climates. 
In the fossil state, they have provided most important evidenee for the chnnieler 
of the glacial climate. — Photo, F. E. Zcuncr. 

B. IQostertal Glacier and mominic area in which stone-rings occtir. I/)cality, 
SCO A. — Photo, F. E. Zcuncr. 





Plate XII. — .-I. Section in n structured frost-soil on fhnlk, s\itli srpnr.ition 
of coarse constituents nt the bottom mid in pillars rcachinj; upwards, and of line 
material in the centres. Probably a broilcl soil, usually e-allcd trail. Kvidence 
for frost climate during the glacial phases. Thctfonl, Norfolk, Mngland. — Photo, 
F. E. Zcuncr. 

B. I>ocss-seelion of Fitz-.Tnnics. near Clermont, Oise, north France. Note 
the vertical cleavage tyjiical oflocss in the un«cathercd portion. The weathering 
profile exhibits the A- and IJ-horizons ; if is n slightly podsolired foresf-soil. 

S : soil. — L : fresh Younger Loess, so-called C-horizon of the soil. — .\U ; 
Argile rouge, a fossil, semi-mediterTanean soil of the I/ist Interglacial, resting 
on Older lyiess. — Photo, F. E. Zcuncr. 

C. Gravel (G) of the dO-metre tcrr.icc at Oigny, near .Amiens, north France, 
with Lower to early Middle Acheulian, of Penultimate Interglacial age, covered 
by a solilliiction horizon (S) and by Older Loess, the last two from the Penultimate 
Glaciation. Illustrating the change of climate from tcmjtcnite (interglacial 
gravels) to cold and wet (solilluction) and finally to cold and dry (loess) of a 
glacial phase. — Photo, F. E. Zcuncr. 



plate XII 





Plate Xlll. — A. Iliver gnivcl p:><!sin" upwards into sand and Insnn, ns tlic 
ngiiradalion came to an end. Example of a climatically nc£;radttl river dcjiosit, 
Ireginninp dnrins an intcrplacial and endinp with the loess phase of the folloninj; 
plncial pliase. Terrace of the first phase of the East Glaciation. Ixdwccn 
Durrliartha and Kamenz, middle Silesia. — Photo, F. E. Zenner. 

It. Miniature example of a river aesrodin" under ‘ pcrijilncinl ’ romlitions, 
with load excccdinf: ■n-ater supply, and with scanty and interrupted vepetnlion 
of the country. This is actually n stream formed in ballast pits at Prvcslebie, 
upper Silesia, and not more than .'> to 10 yards svidc. — Photo, F. !•'. Zr'Uner. 




Plate XIV. — .-1. Tlic imdcrcut or notch, and p.art of the platform of i\l)m-iion, 
of the Late Monastirian (I,!itc I^asl Intcrplaoial) sea-level, nt t,cs Ilouaux, north 
coast of Jersey, Channel Islands. Sediments nhich covered the platform have 
been removed liy the sea. The notch is n most important indicator of hiKh- 
water mark. This type of evidence (see also B, and PI. AT, A, It) is used in 
determining the exact height of interglacial sea-levels ; it is important for the 
world-wide correlation both of Pleistocene phases and the stages of the Palaeo- 
lithic. — Photo, A. K. Slourant. 

J3. The Cottc a la ChhsTc (white cross), north const of Jersey, Channel Islanils. 
Cave formed during the Main .Monastirian phase (CO-foot sea-level), followed by 
occupation by Middle-Upper Lcvalloisian man. In the foreground tlic plntfori’n 
of the 2d-foot sea-level of the Late Monastirian. Both Monastirian levels arc 
Last Interglacial. — Photo, 13. F. Giiiton. 






Plate XP. — A. Tlic pulley scparatinp I'slc Apois frotii the iimiii isle of Jersey, 
Clmnncl Islands, durinp Io« -water. In the pulley, the notches of the Siam 
Monastirian (00 ft.) and Late Monastirian (25 ft.) levels areniarked. 'I'hercarc 
no fewer tlinn three Hecenl notches in close sucecssion, the oripin of which is 
not clear. — Photo, E. 1'. Guiton. 

n. The Crenx Gal)oiircI, north coast of .Tersey, Channel Islands, durinp low- 
water. In a fissure carved into the pranitc nlonp a soft basic dyke, the 25.foot 
beach (Livle Monastirian) conplomende is found m n suspended j)osiiion. Siniv 
its dci)osition the soft rock undcmcath has been removed by further wavr-aetinn. 
The upper c.avc is entirely in the solidified beach-conplomcrate. — Photo, Is. P. 
Guiton. 
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Plate XVI. — el. View of tlic Lower Versilia, nortliem Italy, low.ank the 
north. Town of Viarettirio in (he foretnDiind, Aiwian Aliis in the distance. Tliis 
plain, sevenil miles wide, consists of laic I’leistocene lU’imsits at least aOO feet 
thick. The town stands on the flat modern hcachhar, the marslii-s Ijchind 
consist of peat. In the succession of dciMJsils, Mousterian and .Auri<piacinn have 
been found. — From a postcard. 

li. Logo di I’nolo, Pontine .Marshe.s, middle It.aly. Standing on the ‘red 
dune ’ containing Mousterian and Atirignacian, one looks aeross tlic lake towanls 
the Monte Circco, famous for its many Palaeolithic cavc.s. Between the fore- 
ground and the chaiicl (S. Maria della Sorrcsca), a branch of the lake nitis iidand ; 
this is one of the drowned river vallcj-s. Between the chaiieland the flat ritige in 
the distance on the right, the main lake is seen. It nins panillel to the sea from 
which it is separated by tlic ridge, i.c. tlic ‘ svhitc dune ’. The wliite dune nms 
in a curve towards the right-hand end of Monte Circco ; it is the beach bar 
formed since the third phase of tlie Last Glaciation. Tlie drowned river valleys 
were active during the phase of low sea-level of the third phase of the I-a'st 
Glaciation, and the red dune, therefore, is at least as old ns the preceding inlcr- 
stadial (LGlj/j). This illustrates how industries can be dated relative to phases 
of sea-level. — From a postcard. 





Plate XVll. — A. Groltu IloinaneUi. Ajnili:i, southern Italy, rroin the 
entr.incc into the interior. In the forcpnnnul a channel cut into the rock hy 
the sea. N : notch of the Uatc Monastirian sea-level formed previous to the 
filling of the cave. — Photo, I'. 12. Zciiticr. 

B. Detail of A. at the corner in the section marked hy the vertical line. 
Strata lettered as in text, p. 22.'>. Aurignacian of the Grimaldian variety in 
A to E, and G. II ; solid roek. — Photo, F. E. Zeuner. 
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Plate XVIII. — A. Older Gmvcls of the River Vn:il nt Vereciiiffiiig, 'rmiisvaiil, 
South Africa. 50-foot terrace, antedatin" the so-called I'irsl ^Vct Phase, wilii 
prc-Slcllenljoseh pebble industry and with Stellenbosch 1. The i\bla; Ilreiiil 
jjicking up iinplenients. — Photo, C. van Rict Ix)wc. 

D. Riverview Estates, Windsorton, Cape of Good Hope, South Africa. 
80- to 100-foot ' Older Gravel ’ terrace of Aniandclhooglo marked with cross. 
Pliotograpli taken from the 25-foot Younger Gravels terrace looking downstream 
River Vaal. The boulders in the foreground were c.vtraetcd froti\ the L’.'-foot 
terrace. — Photo, C. van Rict I-owe. 








Plate XIX. — A. Ij\(a\alioii into the :!">-root tirr.ui of tlic V.iiil Ui\c, 
(Younger Gnncis, First ^^cl Phase) on the projierls Ri\ir\ii.w Fslates ojiimsilc 
\% indsorlon, Cape of Good Hope. Site 11 of Solinpe, Visscr and \.iii Hid l.oHtr 
1937, plate I. Grasel rcstiriK on irreptiKir rock door, and folloiud by mids 
Pre-Stellenbosch and Stcllcnliosch 1-111 rolled in the cr.itcl, Stcllinlioseli IV 
unrolled in the gnnel, and Stelknliosch V in the sand (rare), Ilippanuii found 
in the pniscl — Photo, and details of espl.inntion, C \.in llitl lainr. 

n. Typical Younper Gras els II in the 25-foot Urnitc of the Vaal at UiMrsiiw 
Estates, Windsorton, Cape of Good Hope. The Abbe Brcuil mdn.itmp n StcIUn- 
boseli HI core of Proto- Lcv.allois I form, nhich is sliphtlv rolkd and, tlunfoiT, 
deris’cd. Gnisel at this point about 1 1 feet deep and o\( rl.iin b) a smnl.ir depth 
of calcified s iiid. Xotc the sire of the boulders. Iniplcnients and fossils ocuir 
in allies els of these pr.nels. — Photo, anddetnilsof i spl.ni.ition, C. s.in Itict I/iwi. 






Plate XX. — .-1. Sniooflicd and striated roek-tloor exposed lieiicath I)wj-kn 
Tiliite, a hardened l) 0 uldcr-clay of Pcrmo-Carlmniferotis age, at N'ooitgctlaclit, 
near Uiverton, Uarkly '\\'est district. South Africa. Kvidence for a I’alacoroic 
glaciation. Varced shales also have been found in this area. — Photo, JI. S. 
Johnston. 

li, A dolcrile dyke of Karroo ts-pc in Beaufort Sandstone (Triassiej, north of 
Beaufort West, Cape of Good Hope, South Africa. The dyke tnivcrses the sand- 
stone at right angles to the strata. In the photograph it c.xlcnds from the fore- 
ground to the top of the hill. In the distance is seen a sill, intnided into a 
bedding plane of the sandstone, ero.ssing the dyke. — Photo, M. S. .Tohnston. 
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I’lfilc XXI. -A. Ilori/on of Ix’iirli pebbles of Ibe l^ile .Moii.'isliri.in fl.) 
sca-levcl restin'; on locss-like loam and covcrctl by sliplitly slralincd loesvic 
‘ bead ’ (a soIiUnction deposit), at Portclel Hay, south coast of Jersey, Cbannel 
Islands. — Photo. V. K. Zcuncr. 

li. Cliff, undercut and idatform of abnision at Ilclieoland, Xorlli Sea. The 
undercut is. at this spot, distinct only at the base of the cliff on the riclit. .\l)OUt 
half-tide, or incan-sea-Ievcl. The platform is normally covered at hieh-uater 
which, subject to the usual lluctuations, reaches the undercut. This cliff is 
being cut back at the r.itc of altout three feel per year. — Photo, P. Tv Zeuner. 







Plate XXJI.—A. Ptilchriphijllium enmfoUum Scr\'., i\ Iciif-iniitiitiiii; insect of 
tlic ortlcr Pliasinodca. lUiistratin" nn extreme case of adaptation without aro- 
inorpliosis (p. ttOa). — neproducc<l with permission of tlie Trustees of the Hritisti 
Museum (Natural Historj-). 

B. The undersides of females of the throe west European races of Lijracnn 
dixpar. ‘ D ’ British race (B. dis/wrdi.s/xtr) ; ‘ B ’ Butch mee(B. ilixparbainviix)\ 
‘ R ’ Continental race (B. elixpnr Tutilus). Note the preat difference of B from 
either B or It. Time of separation of 1) from R about l.'.OOO years, of D from 
B about 7,300 years, — Reproduced with permission of the Royal Entomological 
Society, I/indon. 




Plate XXIII.— .i. Eleplini mcridintinli'. Ncsti, (lie ' >.oiilliem olcplimit late 
Pliocene and early Pleistocene, nin"in<r from Knro|)c to North Amerieii. 'J’lie 
aneestor of both the strai^ht-tiisked elephant and the inaminolh, .\n un- 
spceinli7ed form. 

Reconstruction based on the Diirfort specimen in the .Mnsee d’llisloire 
Nalurellc, Paris, and other ostcoloeical material. Painted by Miss SI. Maitland 
Ilorvard under the direction of the author. 

li. Ekpha'i antiipiui Palconcr, the straipht-tnsked elephant of Ruropc. This 
nasnn elephant ndai)tcd to forest conditions. Its remains are common in Oreat 
and Last Interglacial deposits. In the .south-west of Rurope it appears to have 
survived into the Rirst Interstadial of the I-ast Glaciation, and t«o Palaeolithic 
paintings are known, the more important being that in Pindal Cave, northern 
Spain. It clearly shows the sparse haircoat of this S]K‘cies. 

New reconstruction, based on the Upnor skeleton from the lower Thames 
(Rritish Museum, Natural History), a skull from Steinheim iwserved in the 
Stuttgart Museum, and other material. Painted by Miss ,M. Maitland Howard 
under the direction of the author. 
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Plate XXII'. — -I. Eleplia'i prhiti"eiiiif. HIiimcTibach, tlie iniitniiinth of Europe, 
nortliern Asia and North America. Tliis was the Upper I’lcistoocne elephant 
adapted to life in the cold steppe and tundra. Depicted many times by Upi>er 
Palaeolithic man. Its coat of loti" hair is chnnictcristic. Praoincnts of hotlics 
preserved in Siberian ftroimd-icc have contributed ndditioinil information, par- 
ticularly about the tip of the trunk, the car and the fail. Ahundanl durin" the 
first and second phases of the Last Glaciation, hccomin" rare in Europe in the 
third. 

Jtcconstruction based on pictorial and osteological evidence. Painted by 
Miss M. Maitland Howard, under the direction of the author. 

II. Mcgaccroi gignulcus hiherniem (Owen), the Giant Deer or Irish Elk, at 
a lakeside in Ireland, where the species became extinct after the .Mlerod oscilla- 
tion. Commonly shown with the head carried proudly on an S-curved neck, 
but the structure of the vertebrae suggests that tlic head was, in fact, held low. 
Tile antlers of old males were of enormous dimensions, and somewhat sagging; 
those of young males were more erect (shown in the distance). The head of 
this deer, which was related to the fallow deer and not to the elk (.Jiffs), was 
comparatively small. 

Reconstruction based on specimens in the Rritish Museum (Xatural History), 
and other sources. Painted by Miss M. Maitland Howard, under the direclinii 
of the author. 
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Plate XXI'. — .1. Diccrorhiini\ wirrW.ii.Ificor, Morc-k's Uliinocrro-., at tlii'Mniis. 
Icriaii site of ICliriiiftsilorr. near Weimar, eeiitnil Germany. It is assmneil lltal the 
rliinoeerose., were cauelit in pits, ami that youmi speeiinens «ere ohtainei) innre 
frerpiently Ilian old ones. This is siigcested l>y the jiroporlions of the aijei lasses 
eomiiosii)” the fossil material, as slnmn hy Soereel, Ishrinesdorf nas a densdi 
forested arc.i of springs producing ealcareons tufa in larpe quantities. The seene 
shows a mother and ehiht approaehin!r the water at ni”ht on a tr.ic'k neross which a 
|)it has been dn". The vegetation is based on limis made in the tiif.is (inehidia" 
T/iiii/o), the scene on rhinoceros paths in the temperate forest rone of .Mount 
Kenya, and the pitfall on a rcimrt, with film dcmonstraticins, hy .Major f. (', 
Wilson, triven to the Society for the I’rescrvalion of the I'mma of the Mmiiire 
and showing methods of catching Indian elephants in pits, Tlic pit would in 
reality be more carefully cainoullagcd ; in the picture the covering of bmnehes 
is shown to indicate its position. 

Painted by Miss M, Maitland Howard under the direction of the author. 

li. Ticliorliinu<i aiithiuilnlh (IlUimenbach), the Woolly llhinoccros, at i.es 
Eyzies, Dordogne, in the Last Glaciation. Tlie scene shows a mother and child 
on a ledge above the Vererc river. On the ojiposite valley side lies the ease of 
I'ont-dc-Gaunie, the well-known rhinoceros painting of which was used in this 
reconstruction. Other evidence for the external aiipcaranw of this amnml is 
provided bv the specimens found at Starunia, eastern far|ialhians (Zeuner, lOlU, 
l!)t5). 

Painted by Miss M. Maitland Howard, under the ilircelion of the author. 
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Plate XXVI. — .t. ICr/utts cahalUt's "melini Anloiiius, llio Tnrpiiii, in Itic park- 
.stcpi)e of soiilli Russia. Tins liorsc, wliioli licoainc extinct in vas tlic 

sscstern race of the isild horse, ran<:inf; from Turkestan to ssestern Knrope. 
It t\as not averse to forests, thoufjli open country was preferred, and it Itccame 
the ancestor of all ordinary domestic breeds, inehidiiif; tlic .\r.ib. 

The larpan w as more graecful than Prrewailski's liorse, moiisc-prey, w ith a lilaek 
upriglit mane continued liy a stripe alonp tlic back to the tail. Some Rritish 
ponies occasionally exhibit tnrpan coloration. 

Based on litcrarj’ and pictorial evidence, and on ‘ reconstituted ' specimens of 
Hcllabninn Park, Munich. Painted by Miss M. Maitland Howard, under the 
direction of the author. 

B. The Pleistocene horse of Europe, of the cold phases of the hast Glaciation, 
here shown at the Mousterian site of tVallcrthcim, Rhenish llessc. 

This Iiorso resembled the .Mongolian or Przewalski's iiorsc (ICqiitit cabnllii'i 
pncwnlsldi Pol.) so closely that it is assumed to have been identical in appear- 
ance. Somewhat stouter than the tarpan, with thicker neck and heavier head, 
the Mongolian wild horse is yellow -dun, with a blaek-tippcd upright mane, and 
often some rebra-striping on the legs. This race now only sursives in ■/oolngieal 
parks and g.ardcns, the largest herd being that of llellabrunn near Mumeh. 

Based on Palaeolithic [liclorial evidence and recent speeimens of Pr/cwalski's 
horse. Painted by Miss M, Maitland Howard under the direction of the author. 
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I’tnte A’.YI'//. -.1. /Jos prhiiigriiitit Itnjiiiiiis. llu- siiiroclis nr wilil rattle. In 
•T Unti'-li noodinml rlndc. Tills K tlir niiccstor of ilninrstir.iteil entile, 'llie 
wilil form becnine c\tinet in HfiT in I'olniu). The hull nns hlneU nitli si white 
slri[ie nion" the hnek and w ith horns etirvcd outwards and then forwards, eolonreil 
whitish with hhtek lj[is. 'J'lie rows and llic yoiine apiiear to hsive heeii reildMi. 

The hull shown is hased on a skull of mid-l’leislocenc aj;e from Ilford on the 
Thames and preserved in the Hritisli Museum. It was mueli larjicr than the 
Postplacial aurochsen that became the aneestors of our domestic cattle. Painted 
by Miss M. Maitland Howard under the direction of the author. 

li. nisoii priiciis Itojanus, the Pleistocene bison of Kuropc, in the lir forest of 
the lower Thames of Great Interglacial times. The Plcistoecnc forms of bison 
belong to several types which will he described by Miss Howard in a forthcoming 
publication. Tlic hiajority were larger than the surviving Kuropcan Hison (llisnn 
hoTinMii L.), and they varied greatly in horn shape. The eentre figure is a Great 
Interglacial specimen with depressed horns. The one on the left, willi rising 
liorns, is a ts-^ic more frequent in the Hast Interglaeial. 

Based on a specimen from East Mersea, Thames (Clacton Channel iihase of 
Great Interglacial) in the Hepartmenl of Environmental Arehaeotogy, I.ondon 
I'niversit.v, and on a skull from Brentford. Thames (I’ppcr I'loodptain 'IVrraee, 
Last Interglacial) in the British Museum (N'atur.d History), and other material. 
Painted by Miss M. Maitland Howard under tiic direction of the author. 












